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The pavement resurfacing program in Kentucky has served to perpetuate the serviceability of 
pavements and to extend the life of roadways. Widening and other forms of improvements or 
reconstruction are not included in maintenance resurfacing. Necessary de-slicking has, at times, been 
accomplished through the resurfacing program when other administrative recourses failed. For an interim, 
at least, some of the burden for de-slicking was met by !52 Funds. Resurfacing generally involves a 
minimum overlay •· in recent years, this has consisted of a leveling course and a surface course. This 
type of treatment of pavements merges into the broader circumspect of the Restoration, Rehabilitation, 
and Reconstruction (R·R·R) programs devised to enable federal funding and will, eventually, perhaps, 
merge into a pavement management system wherein designed, structural overlays and economic strategies 
may guide the decision processes. 
There are many ways to diagram decision trees and flow networks. Dynamic programming is a 
form of priority programming ·· that is, a method of ranking projects according to benefits and 
consequences when the funding has been predetermined and costs and benefits are known. None of 
these tells how much to budget or to dedicate to the purpose. Only inventories and systematic cataloging 
and analyses of current and future needs suffice to generate budget needs. 
Here, dynamic progranuning has been applied in an after-the-fact way to resurfacing programs. In 
that sense, it serves to compare more subjective ranking and selection with more clinical procedures. 
One only assumes that the outcome would be similar in future years. Indeed, dynamic programming 
provides a "tank" or "black box" for processing the resurfacing program as presently structured and 
as likely to evolve into the larger, pavement management system. Costs may be revised as necessary, 
and other statistics and input data may be updated. In this study, the National Safety Council's costs 
of accidents were used. Some would prefer to use NHTSA's statistics. 
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INTRODUCTION 
Various management procedures and strategies may 
be employed to select and rank pavements for 
resurfacing. Subjective visual evaluations and objective 
measurements may be utilized singularly or in 
combination. Sophisticated methods involve pavement 
roughness, skid resistance, traffic volume, and accidents 
in an economic analysis. Selection processes based on 
economic analyses have obvious advantages over other 
methods. Also, recourse to a computer is necessary for 
the analysis and ranking when more than a few projects 
and alternatives exist. A technique termed dynamic 
programming performs this task. The accuracy, however, 
depends on the accuracy of the benefit and cost values 
assigned to each element included in the analysis. 
The Kentucky Department of Transportation 
applied dynamic programming techniques to the 
spot·safety·improvement program in 1974 (1). The 
projected benefits for each improvement were used 
based on previous histories of accident reductions. 
Accident causes were then related to types of 
improvements. Construction costs and annual 
maintenance costs were input along with the useful life 
of the improvement, a growth·rate factor for traffic 
(four percent), and an interest rate (ten percent). All 
benefits and costs were in terms of present worth. A 
total of 61 projects, each with one or more alternatives, 
were evaluated. Various budget levels were used to select 
an optimal listing, and dynamic programming was shown 
to be better than a benefit·cost analysis. This procedure 
has been implemented by the Division of Traffic and 
is now a routine phase of the spot-improvement 
program. 
The application of dynamic programming 
techniques to the resurfacing program was proposed as 
a way of optimizing expenditures there. With hundreds 
of candidate projects recommended for resurfacing each 
year, it is difficult to select projects which will yield 
the greatest benefits to the driving public. To apply 
dynamic programming or any other economic method 
to the resurfacing program, a reliable means of 
calculating benefits must be employed. One of the 
primary purposes of this report was to establish those 
procedures and criteria. 
DYNAMIC PROGRAMMING: CONCEPT 
AND APPLICATIONS 
The term, dynamic programming, was first used by 
Bellman to represent the mathematical theory of a 
multistage decision process (2). It is applied to allocate 
expenditures resulting in the maximum benefits. Three 
types of applications of dynamic programming are 
single-stage, multistage, and multistage with a time 
factor. Single-stage programming is used to evaluate a 
single project having several alternatives. Multistage 
programming involves selection of several projects having 
several alternatives. Multistage dynamic programming 
with a time factor is used where several projects and 
alternatives are considered and where various time 
periods are involved (1, 2). Multistage programming is 
currently being used in the spot· improvement program 
in Kentucky. It was presumed to be as applicable to 
the resurfacing program. 
Input to the model consists only of costs and 
benefits for a project and the useful life of the 
improvement. Costs are incurred by the highway agency, 
and benefits are gained by the road user ( 3 ). Costs 
associated with a project might include construction 
costs and annual maintenance costs. Benefits include 
savings of time and fuel, increased comfort (or ride 
quality), and accident reduction. 
Benefit·cost, present-worth, and rate-of·return 
techniques are used to rank projects; and projects are 
implemented until the budget is expended (4). However, 
none of these methods will consistently give a list of 
projects with the greatest benefit potential under a given 
budget. One study by Lorie and Savage showed that 
under a fixed budget, the optimum project listing will 
be different for the rate-of-return and present·worth 
methods (5). By taking all possible combinations into 
account, dynamic programming allows the selection of 
projects which will provide the greatest benefits. 
To illustrate the advantage of dynamic 
programming compared to a benefit-cost analysis, an 
example of eight projects is shown in Table I. The cost 
estimates and expected benefits are given for the 
projects, which are ordered by benefit-cost ratio. 
Assume a budget of $3,000. Using the benefit-cost 
analysis, projects A, B, C, D, and E would first be 
selected in that order. The cost of these five projects 
totals $2,500, which leaves $500 yet to be spent. Since 
project F costs $1 ,000, it is skipped and project G is 
selected. The $3,000 spent by this method yields total 
benefits of $42,300 using the benefit-cost method. Using 
dynamic programming, projects A, B, and C, are also 
chosen. These projects total $2,000, leaving $1 ,000 to 
spend. Considering all possibilities, it can be seen that, 
by choosing project F instead of D, E, or G, greater 
benefits can be obtained from the remaining $1,000. 
Therefore, by dynamic programming, the projects 
selected are A, B, C, and F. The total benefits then 
are $44,000, which is $1,700 more than would result 
from selection of projects by the benefit-cost method. 
RESURFACING PROGRAM IN KENTUCKY 
The Division of Maintenance is responsible for the 
statewide resurfacing program which cost $12 million 
in 1 977. The 1 2  highway districts select and rank 
resurfacing needs and submit a list of approximately 75 
miles (120 km) of road each year. A team composed 
of two engineers from the Division of Maintenance and 
one from the District review and evaluate the projects. 
The same two engineers from the Division of 
Maintenance evaluate sections throughout the state. The 
pavement evaluation form used for evaluating pavements 
for the 1 976 resurfacing program (TD 71-1 03) is shown 
in Figure Ia. A revised form (TD 76·103) proposed by 
the Division of Research in 1978 is shown in Figure 
l b. According to the proposed form, maintenance 
sections are rated on a point system (maximum of 1 00 
points) and are evaluated for service (IS points), 
condition (71 points), and safety (slipperiness) (1 4 
points). A high point value indicates a need for 
resurfacing. Service evaluation is based on Average 
Annual Dally Traffic (AADT) of the section. The 
maximum of ten points is assigned to roads having 
AADT's above 1 0,501. An extra five points are added 
where traffic speeds are 50 mph (22 m/s) or higher. 
The subjective rating of pavement conditions (35 
points) is based on raveling (spalling), cracking, patching, 
edge failures, · base failures, out-of-section, and. 
appearance. These were expanded (revised form) to 
permit rating of severity as well as density (frequency) 
of the failure or deficiency. Rut depth, from 3/8 inch 
(9.5 mm) to over 7/8 inch (22.2 mm) is assigned a 
maximum of 1 2  points. A Roughness Index (RI) is 
obtained with the Kentucky method (12, 13) or, by 
correlation, with the Mays Ride Meter. Roughness ranges 
up to 24 points. If a roughness measurement cannot 
be obtained, ride quality is subjectively evaluated and 
rated as smooth (0 points) to severely rough (22 points). 
The safety rating is based on skid resistance. 
Pavements with Skid Numbers (SN) of 30 or less are 
assigned 1 4  points. The rating form used previously did 
not adequately weigh conditions which may warrant 
extreme measures when some important attribute is at 
an unacceptable level. The proposed form would require 
the addition of 1 00 points if the SN's were 28 or less 
and the AADT were above I ,000. Similarly, I 00 points 
would be added whenever the roughness index, or 
rutting, for a particular type of pavement and a given 
volume of traffic exceeded the values cited on the rating 
form. 
Resurfacing costs and district rankings are cited on 
each rating form. Photographs and pertinent information 
on several pavements recommended for resurfacing by 
districts are presented in APPENDIX A. 
After screening and ranking by the Division of 
Maintenance, roughness and skid-test data are requested 
from the Division of Research. In 1976, data for a total 
of !55 sections (870 miles (1,400 km)) were provided. 
That increased to 246 sections (1,218 miles (1,959 km)) 
in 1 977. Altogether in 1 976, statewide skid testing 
involved about 5,000 miles (8,000 km) of roads ( 14). 
A second skid-test trailer was acquired in 1976; and, 
that year, about 6,000 miles (9,600 km) of roads were 
tested (15). In 1 977, approximately 3,200 miles (5,200 
km) were tested. Frequency of skid surveys will be 
biennial, and it will include only roads with AADT's 
above I ,000 (91 percent of rural traffic in Kentucky 
uses these roads). Skid data are considered in the ranking 
and priority selection process. 
From 1973 through 1 975, the allocation of funds 
(21 1 Account) for resurfacing was not the same for each 
district. The first 25 percent of available funds was 
divided equally. The second 25 percent was divided into 
IS shares, and the three extra shares were allocated 
(double share) to Lexington, Louisville, and Covington 
(high population regions). The third 25 percent was 
divided into 1 8  shares, and two additional shares were 
provided to each of Districts I 0, 11 , and 1 2  (the 
mountain region). The last 25 percent was divided 
among the districts according to miles of 
state-maintained roads, exclusive of rural secondary 
mileage. After the money was allotted, approximately 
half of the monies were spent according to district 
priorities and half according to priorities established by 
the Division of Maintenance. 
The formula used for distributing resurfacing 
monies in the 1 976 and 1 977 programs has been revised. 
The first 50 percent of the allocation was divided 
equally. Twenty-five percent was allocated according to 
miles of state-maintained roads. The final 25 percent 
was divided into IS shares, and the urban districts 
(Districts 5, 6, and 7) received an extra share. In 1 976, 
approximately 420 miles (676 km) of roads, or about 
35 miles (56 km) in each district, were resurfaced under 
the resurfacing program. 
Limited resurfacing and de-slicking has been done 
in connection with the high-accident spot-improvement 
program begun in 1967. Under this program, 0.1 -mile 
(0.16-km) long sections in rural areas with three or more 
accidents in 1 2  months are screened, reviewed, and, if 
appropriate, inspected by the Division of Traffic. 
Additional deslicking was done in 1 976 under the 
high-hazard program (under Section !52 of Title 23 
USC). In 1 976, 23 miles (37 km) were repaired and 
resurfaced at a cost of $1 ,067,000 (14). In 1 977, about 
75 miles (I 20 km) of road were recommended for 
deslicking under the High-Hazard Program. 
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Figure I. (Continued) 
I. 
II. 
III. 
SERVICE: For traffic speeds of 50 mph or higher, add 5 points, 
Ell 
0- 500 
sao- 1,son 
1,500- 3,500 
3,500- 6,500 
6,500-10,500 
10,500-16,000 
16, 000-over 
CONDITION: Roughness 
Roughness Index 
0 
2 
4 
6 
8 
10 
NOTE: ADT counts to be 
used as shown on 
the last traffic 
flow map. 
Points For 
Posted Speed (mph) Ride Quality 
SO or 55 
2 Smooth 
4 Median Rough 
6 Medium Rough to Rough 
8 Rough 
11 Severely Rough 
14 
Points 
0 
6 
11 
16 
21 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900-over 
17 
21 
25 
29 
34 
IWl 
� 
NOTE: For traffic speeds below 45 mph rate ride quality by driving the ·project at 
prevailing traffic speed and rate from 
Medium Rough to Severely Rough (2 to 30 points) 
SAFETY: Skid Resistance 
Skid Number Points for 
35 
37-39 
35-36 
33-34 
3 1-32 
29-30 
27-28 
25-26 
23-24 
21-22 
20 or less 
NOTE: Asterisk denotes very hazardous conditions 
or Less 
3 
6 
9 
12 
15 
17 
20 
23 
26* 
Posted Speed (mph) 
40-45 50-55 
1 3 
5 7 
8 11 
12 15 
15 18 
18 22 
21 25 
24 29* 
27* 33* 
30* 36* 
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Figure I. (Continued) 
I. SERVICE: Traffic Volume and Posted Speed Ill SAFETY: Skid Resistance 
Points at Posted Speed 
AADT Less than 55 mph 55 mph Skid Number Points 
500 or less 0 5 40 or higher 0 
501- 1,500 2 7 37-39 2 
1,501- 3,500 4 9 35-36 5 
3,501- 6,500 6 I I  33-34 8 
6,501- 10,500 8 13 31-32 I I  
10,501 or higher 10 15 29-30 14 
28"' or less 114 
*Castatrophic Failure - requires remedial 
action. 
II. PAVEMENT CONDITION: Roughness 
Roughness Index 
PCC or PCC with Ride Qu.Wty 
Bit. Pavements Bit. Overlay Points Assessment Points 
400 or less 425 or less 0 Smooth 0 
401- 450 426-450 2 Medium Rough 5 
451- 500 451-475 4 Medium Rough to Rough 10 
501- 550 476-500 6.5 Rough 16 
551- 600 501-525 8.5 Severely Rough 22 
601- 650 526-550 I I  
651- 700 551-575 13 NOTE: For roads with traffic 
701- 750 576·600 15 speeds below 50 mph, assess 
751- 800 601-625 17 .s ride quality by driving the 
801- 850 626-650 20 section at prevailing traffic 
851· 900 651-675 22 speed and rate the pavement 
901 or higher 676 or higher 24 as being Smooth to Severely 
Rough (0 to 22 points) 
[;J 
NOTE: Add 100 points when Roughness Index or depth 
of rutting for a given volume of traffic 
exceeds the cited values. k 
Roughness Index 
PCC or PCC Rutting Rutting 
Rith Bit. 
AADT Bitummous Overlay (inches) (inches) Points 
100 or less 
101 200 I ,Q30 740 I 5/8 1/4 or less 0 
201 500 1,000 725 I 1/2 3/8 2 
501 1,000 990 715 I 3/8 1/2 4 
1,001 2,000 960 705 I 1/4 5/8 6 
2,001 3,000 930 690 I 1/8 3/4 9 
3,001 4,000 900 675 I 7/8 12 
4,001 5,000 870 660 I 
5,001 6,000 845 645 I 
6,001 7,000 815 630 7/8 
7,001 8,000 790 615 7/8 
8,001 9,000 760 600 7/8 
9,001 • 10,000 730 585 7/8 
10,001 • 12,000 700 570 3/4 
12,001 • 14,000 645 545 3/4 
14,001 . 16,000 S90 515 3/4 
16,001 or higher 555 500 3/4 
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The resurfacing costs were those estimated by 
maintenance engineers for each section recommended 
for resurfacing. These costs were based on surface width, 
section length, type of surface, and many other factors. 
These costs represented present-worth and were inputs 
into the dynamic programming model. 
A formula for annual maintenance costs was 
derived from annual maintenance costs for rural roads 
in Kentucky (16). Maintenance costs generally increase 
as a pavement ages. This was taken into account 
indirectly. 
Based on the costs and benefits computed for 
highway sections recommended for resurfacing in 1976, 
an appropriate computer program was prepared. An 
optimal priority listing of projects was derived. The 
projected benefits and costs of this optimal listing were 
compared to benefits and costs of projects selected using 
traditional methods. 
SERVICE LIVES OF RESURFACING PROJECTS 
In any economic analysis involving highway 
improvements, one of the essential inputs is the 
estimated service life of each project. The calculation 
of present-worth benefits and maintenance costs 
depends on service life. The dynamic programming 
model allows a service life as an input for each project 
under consideration. The useful life of a pavement 
overlay depends on such variables as type and thickness 
of the overlay, traffic volume, numbers and types of 
trucks, and weather conditions. The useful life of an 
overlay ends when it becomes unusually slick, rough, 
cracked, or rutted. Predicting the number of years when 
any of these failing conditions will occur is quite 
difficult. The actual term of service ends when the 
pavement is resurfaced again or when the road is 
abandoned. 
Ideally, pavement overlays should be designed for 
a desired service life based on estimated traffic volumes. 
In this case, overlay types and thicknesses will vary by 
project and will influence resurfacing costs. The design 
period can be used as the estimated service life. To 
increase surface life, thicker, more durable surfaces 
should be used on roads with heavy traffic volumes and 
heavy trucks. The overlay thicknesses for the resurfacing 
projects analyzed in this study were not based on 
structural designs but generally consisted of cost 
estimates for a standard 1 l/2·inch (38.1·mm) surface 
course. The service lives of these overlays were estimated 
for various ranges of average annual daily traffic (AADT) 
from a subjective assessment given in Table 2. Service 
lives ranged from 7 years for AADT' s above 8,000 to 
16  years for AADT's between 1 ,001 and 4,000. The 
actual designed service life can be used if known. The 
dynamic programming model allows for input of the 
design life which will then override the data given in 
Table 2. In the past, standard I l/2·inch (38. l·mm) 
overlays have been customary. The program does allow 
for input of individual project design lives if this 
procedure is adopted in the future. 
TABLE 2. 
AADT 
>400 
400 to 1,000 
1,001 to 4,000 
4,001 to 8,000 
>8,000 
ESTIMATED SERVICE 
LIFE OF PAVEMENT 
OVERLAY 
ESTIMATED 
SERVICE LIFE 
(YEARS) 
10 
12 
1 6  
1 2  
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CALCULATION OF ROAD-USER SAVINGS 
Before benefits can be computed for any highway 
improvements, some assumptions have to be made. If 
the condition of a pavement is known before it is 
resurfaced, the following questions must be answered 
before benefits can be computed: 
I. How will the condition of the pavement 
change if no improvement is made to the 
pavement? 
2. How will the condition of thy pavement 
change if it is resurfaced? 
3. What is the relationship between road·user 
costs and time as the overlay surface 
deteriorates over its useful life? 
4. How can benefits be computed due to 
resurfacing for an overlay with changing 
conditions throughout its life? 
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Figure 2. First Assumption of Road-User Costs versus Time. 
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Figure 3. Second Assumption of Road-User Costs versus Time. 
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To gain a better understanding of the benefits 
derived from a newly resurfaced highway with respect 
to the improved comfort to the road user, a 
questionnaire was developed. the questionnaire asked 
what the motorist would be willing to pay to travel over 
a newly paved surface compared to a road in poor 
condition for a distance of I mile (1.6 km) to 300 miles 
(483 km) (Figure 4). The questionnaire was worded in 
such a way as to avoid references to trip purpose (work, 
leisure, shopping, emergency, etc.) or frequency of trips. 
Several trip lengths were given to obtain values for a 
range of trip lengthS; No guidelines or hints of "ball 
park" values were given to avoid biasing the results. The 
route choice was" between a road with a smooth 
pavement (newly resurfaced) and a road with a rough 
pavement. To obtain maximum response, questions were 
also asked concerning (I) highway sections which they 
think should be resurfaced, (2) their rating of the 
condition of pavements on public roads, and (3) other 
comments which they wished to make. The 
questionnaires were distributed to two groups. One 
group consisted of employees within several Divisions 
of the Kentucky Department of Transportation. These 
included the Divisions of Research, Systems Planning, 
Traffic, and Facilities Planning and involved secretaries, 
technicians, engineers, and other employees. This group 
was selected because their employment was highway 
oriented, and, of course, they would expect to have a 
better understanding of highway conditions than the 
general public. They were also expected to be more 
thoughtful in providing answers. There were 164 
responses from this group. The other sample consisted 
of a selection from all licensed drivers. To obtain this 
sample, names and addresses of I ,000 drivers in 
Kentucky were obtained from the drivers license file (on 
computer tape). The selection was made by choosing 
every 2,000th driver listed in thi• file. Questionnaires 
were then sent with a letter of explanation. A 
pre-addressed, · stamped envelope was provided for 
returning the questionnaire .. Letters not deliverable were 
sent to other drivers to assure a sample of 1,000 drivers. 
Of the 1,000 questionnaires sent, 203 were completed 
and returned. While this is only a 20-percent response, 
it was deemed an acceptable sample. 
An average value per mile was calculated from each 
response. The amounts were rounded to the nearest I 
cent per mile (0.6 cent per km), except for the category 
of 0.5 cent per mile (0.3 cent per krn). Results of 
responses are given in Table 4 for Kentucky DOT 
employees. Of the 164 responses, the most common was 
I cent per mile (0.6 cent per krn) (43 percent) followed 
by 2 cents per mile (1.3 cents per krn) (20 percent) 
and 0.5 cent per mile (0.3 cent per krn) (18 percent). 
The median value and the mode was I cent per mile 
(0.6 cent per krn). The average value was 1.35 cents 
per mile (0.8 cent per krn). However, the average value 
was expected to be somewhat higher than the median 
or mode values since a few values considerably higher 
than I cent per mile (0.6 cent per km) may more than 
offset several 0 cents per mile (0 cent per km). In any 
case, an almost equal number of responses were below 
I cent per mile (0.6 cent per km) (46 responses) as 
were above I cent per mile (0.6 cent per km) ( 48 
responses). 
Results from the public at large were rather similar 
to those from Kentucky DOT employees. Of the 203 
responding, only 125 responded to the question on costs 
per mile. Again, the mode and median values were I 
cent per mile (0.6 cent per km). However, there was 
a slightly larger spread in the results as shown in Table 
5. The average cost per mile of the two groups of drivers 
was 1.2 cents (0.8 cent per krn) (three responses showing 
over 10 cents per mile (6.3 cents per km) were 
disregarded in computing the average). Based on 
available information from other sources (17, 19) and 
the findings in this study, a benefit of I cent per mile 
(0.6 cent per krn) for increased comfort was chosen. 
This value corresponds to the benefit which would result 
from resurfacing a road in very poor condition. Results 
of responses from the driving public to other questions 
are presented in APPENDIX E. 
The road-user cost of reduced comfort varies from 
0 to I cent per vehicle-mile, depending on the roughness 
of the pavement. The roughness may be expressed in 
terms of Roughness Index (RI) or Pavement 
Serviceability Index (PSI). Values of Roughness Index 
normally range from about 300 for a smooth road to 
over I ,000 for a very rough road and correspond to 
a PSI from about 4.0 to about 1.5, respectively. The 
relationship between RI and PSI is shown in Figure 5. 
The relationship between comfort costs and pavement 
roughness was assumed to be linear as shown in Figure 
6. As PSI decreases from 3.7 to 1.8, the comfort costs 
increase from 0 to 1.0 cent per vehicle-mile. The 
corresponding RI values for bituminous and PCC 
pavements are also shown in Figure 6. The comfort cost 
does not exceed 1.0 cent per vehicle-mile. To use Figure 
6, the PSI or R1 value of thy pavement (before 
resurfacing) is entered on the x-axis. Proceed vertically 
to the line and read the corresponding comfort cost. 
This value gives the comfort cost in cents per 
vehicle-mile before resurfacing (C1). 
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TABLE 4. RESPONSES TO QUESTIONNAIRE FROM 
KENTUCKY DOT EMPLOYEES 
AMOUNT NUMBER PERCENT 
CENTS PER VEHICLE· OF OF 
MILE (1.6 VEHICLE-km) RESPONSES SAMPLE 
0 16 10 
o.s 30 18  
l 70 43 
2 34 20 
3 4 2 
4 l l 
s 2 l 
6 3 2 
7 l l 
8 2 l 
9 0 0 
10 0 0 
> 10 l l 
Totals 164 100 
TABLE S. RESPONSES TO QUESTIONNAIRE FROM 
GENERAL PUBLIC 
AMOUNT NUMBER PERCENT 
CENTS PER VEHICLE- OF OF 
MILE (1.6 VEHICLE-km) RESPONSES SAMPLE 
0 24 19 
o.s 28 22 
l 40 32 
2 18  IS 
3 2 2 
4 3 2 
5 5 4 
6 0 0 
7 2 2 
8 0 0 
9 0 0 
10 0 0 
> 10 3 2 
Totals 125 100 
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Using the procedure described' previously for 
computing lifetime benefits of a pavement overlay, the 
formula for comfort benefits is 
(NC2/2 - (1/2) (C2 - c1 ) (N -
NC1 /Cz)] F cfN 
where F c = (AADT) (365) (Ls) (PWF). F c is a 
factor to convert to present-worth benefits. The rest of 
the equation gives the average annual comfort cost 
(dollars) per vehicle-mile (1.6-kilometer). The total 
equation then becomes 
where 
B = c (NC:z/
2 - (1 /2) (C2 
NC 1 tCz)] (AADT) 
(PWF)/N 
- c1) (N -
(365) (Ls) 
= present-worth benefit from 
= 
driver comfort after 
resurfacing, 
maximum possible comfort 
cost = $0.01 , 
= comfort cost of pavement 
b ased on Roughness Index or 
PSI (Figure 3), 
AADT = average annual daily traffic of 
the highway section, 
= section length (miles), 
= present worth factor, and 
= service life of the . overlay 
(years). 
Values of comfort savings for various AADT's and 
Roughness Indexes are shown in Table 6. The savings 
are expressed in terms of present-worth dollars (per 
mile) and are based on service lives of 5, 10, and 15 
years. For a 1 0-year life on a road with a Roughness 
Index of 800 and an AADT of 2,000, the comfort 
savings would be about $17,000. For AADT's of 1 00 
to 20,000, the comfort savings vary from $ 1 77 (5-year 
life) to $312,440 (IS-year life). Values of Rl included 
are 400, 600, 800, and 1 000 and were correlated with 
comfort costs from Figure 6. 
TABLE6. SAVINGS (PRESENT-WORTH) IN COMFORT COSTS (DOLLARS PER MILE) 
DUE TO RESURFACING A HIGHWAY 
N=SYEARS N= IOYEARS N= IS YEARS 
RI= 400 RJ=600 Rl= 1000 R1 = 400 Rl = 600 Rl = 800 Rl = 1000 Rl =400 Rl"' 600 Rl = 800 Rl = 800 R=IOOO 
AADT PSI= 3.4 PSI=2.8 PSJ=2.3 PSI= 1.6 PSI" 2.8 PSI=2.3 PSI= 1.6 PSI=3 4 PSI= 2.8 PSI<> 2.8 PSI= 2.3 PSI= 1.6 
100 177 690 728 '" 854 1,160 1,225 380 1,090 1,090 1,479 1,562 
soo "' l$40 3,449 3,641 1,488 4,270 5,798 6,123 1,899 5,448 7,397 7,811 
1,000 1,771 5,080 6,897 7,282 2!176 8$40 11,597 12,246 3,797 10,896 14,795 15,623 
lpOO 3,542 10,159 13,795 14,563 5,951 17,(180 23,193 24,492 7,594 21,792 29,590 31,244 
s,ooo 8,855 25,399 34,486 36,409 14,879 42,701 57,984 61,229 18,986 54,479 73,975 78,110 
7$00 13,282 38,098 51,730 54,613 22,318 64,051 86,975 91,843 28,479 81,719 110,963 117,165 
10,000 17,709 50,797 68,973 72,818 29,757 85,401 115,967 122,458 37,972 108,958 147,951 156,220 
20,000 35,418 101,594 137,946 145,514 59,514 170,802 231,934 244.916 75,944 217,916 295,902 312,440 
1 7  
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Determination of Time Savings after Resurfacing; Various Section Lengths 
and Vehicle Speeds. 
SECTION LENGTH 
MILES Km 
20.0 
32.2 
10.0 
16.1 
5.0 ..... ..... 8.0 
I .4 
4 4.8 
� 2 .0 
I 
3. 2 
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Figure 10. Relationship between Roughness Index and Percentage Reduction in Fuel 
Usage. 
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F f is a factor used to convert to present-worth 
dollars. The rest of the equation represents the average 
annual percent reduction in fuel savings due to 
resurfacing. The value of F f must include the total 
vehicle-miles which pass the section each year: 
F f = (AADT) (Ls) 365. 
The fuel cost of these vehicle-miles is found by assuming 
65 cents per gallon of gasoline and 12 miles per gallon 
(5.1 km/l) for an average vehicle in Kentucky (national 
average of 11.85 miles per gallon (5.0 km/l). The value 
of Ff is 
(AADT veh/day) (365 days/yr) (Ls 
miles) (1 /12 gal/veh-mile) 
($0.65/gal) 
19.77 (AADT) (Ls) dollars per year. 
Using the base equation andAhe present-worth factor 
(PWF) for any service life (N), the fmal equation 
becomes 
where Bf = present-worth benefits from fuel savings due to resurfacing a highway. 
To illustrate the magnitude of benefits from fuel 
savings for various levels of AADT and Rl, examples 
were computed for overlays per mile (1.6 km) with 
l 0-year service lives (in Table 8). The average annual 
percent reduction in fuel costs was found to range from 
0 (RI of 300) to a maximum of about l l .4 for a R1 
above 900 as computed from Figure l O  and using the 
general equation above. For an AADT oJ 1,000, benefits 
. range from 0 to over $15,000 as RI increases. For an 
AADT of 5,000, benefits may exceed $75,000 per mile 
for highways with a RI over 900. 
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Accident Savings 
One of the benerits from resurfacing a pavement 
is the reduction in accidents. To determine the benefits 
in accident reduction, a relationship between accidents 
and pavement condition must be known. Comparisons 
were made between the accident data and pavement 
condition for highway sections evaluated in 1973 
through 1976. This involved 513 sections with a total 
mileage of about 2,300 miles (3,700 kilometers). A 
complete discussion of all correlations from this analysis 
is given in APPENDIX G. 
Based on this analysis, two types of accidents were 
affected by resurfacing. The first relationship was 
(/) 
1-z 
IJJ 0 
0 0 
15 
<t 10 
z 
z 0 
1-0 
:::> 0 IJJ a: 
1- 5 z IJJ 0 
a: IJJ ll. 
between the condition of the pavement and the number 
of road-defect accidents. Pavements with excessive 
cracking, base and edge failures, raveling, patching. 
out-of-section, and rutting were foUnd to have the 
greatest reduction in road-defect accidents after 
resurfacing. This reduction in accidents was then 
converted to an equivalent of 15 percent reduction in 
total accidents. The relationship was developed· between 
percent reduction in total accidents and deficiency 
points as shown in Figure 14. Deficiency paints range 
from 10 to 60 for accident reductions of 0 to 15 
percent, respectively. 
Y=IB-0.3X 
oL-------�--------�--------L--------L------��---
1 0  20 30 40 50 
OR 
LESS PERCENT OF DEFICIENCY POINTS 
60 
OR 
MORE 
Figure 14. Relationship between Deficiency Points and Reduction in Total 
Accidents. 
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Whereas resurfacing will cause a reduction in 
roadrdefect accidents, improved skid resistance of 
pavements will also reduce wetrweather accidents. A 
relationship between accidents and pavement friction 
has been reported by Rizenbergs et al. (24). The 
percentage of wet-pavement accidents was found to be 
greatest among pavements having low skid resistance. 
Percentages of wet-weather accidents decreased as Skid 
Numbers increased to about 40. If a pavement had a 
SN less than 40 before resurfacing, the improved skid 
resistance after resurfacing would result in a reduction 
in wet-pavement accidents. The results of that study 
were used to prepare Figure 16. In the range of SN' s 
between 20 and 40, the reduction in wet-weather 
accidents was about 50 percent, which corresponds to 
about 20-percent reduction in total accidents (24). 
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Class I,  Type A, bituminous concrete is  the 
predominant mixture used in resurfacing; and the 
performance of this type of surface was used to 
determine when the skid resistance of an average 
pavment may reach a SN of 40. According to the 
relationship between cumulative traffic and skid 
numbers (a report now in preparation), SN of 40 would 
be reached after 3.7 million vehicle passes. Table II cites 
the-number of years wet-pavement accidents may remain 
reduced for various AADT's. However, a maximum of 
5 years was selected in determining total accident 
reductions. The percentage reduction obtained from 
Figure 16 was assumed to be applicable throughout the 
number of years cited in Table II. 
·Y•40-X 
30 35 40 4'5 
SKID NUMBER 
Figure 16. Relationship between Skid Number and Reduction in Total Accidents. 
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Attempts at quantifying vehicle maintenance costs 
are given in the AASHTO "Red Book" and in NCHRP 
Report Il l (17, 21 ). The Red Book gives approximate 
relationships between oil usage and vehicle running 
speed on paved surfaces, loose surfaces (gravel), and 
unsurfaced roads in rural areas. Oil·usage charts are given 
in the NCHRP report for free·flowing traffic, major 
streets, urban arterials, and stop-and-go cycles. 
Relationships between tire wear and running speeds are 
given in both sources for concrete, asphalt, and gravel 
surfaces. Charts were also presented in the NCHRP 
report giving the distances driven before repairs were 
necessary to each of 16 vehicle parts for passenger cars 
and pickup trucks. To date, there are no known data 
available to determine the benefits of resurfacing on 
vehicle maintenance costs. 
Noise levels resulting from tire interaction with the 
pavement have been shown to be higher on rough 
pavements compared to new surfaces. A study of the 
effects of pavement texture on traffic noise was 
completed in Kentucky in 1975 (25). The report showed 
that at 30 mph (13.4 m/s) the peak noise level from 
a test car was 67 dBA on a "rough" surface compared 
to 59 dBA on a new, Class I, A-modified (asphalt) 
surface. Noise levels were 71 dBA and 64 dBA at 45 
mph (20.1 m/s) and 76 dBA and 70 dBA at 60 mph 
(26.8 m/s) for rough and smooth surfaces, respectively, 
While a portion of the motorist benefit is accounted 
for in the comfort factor, higher noise levels from rough 
pavements (particularly in urban areas) provide 
additional annoyance to people who are within several 
hundred feet (meters) of the highway. 
As stated before, vehicle speeds can be increased 
by resurfacing a rough road. Studies on air pollution 
have found that vehicles emit less exhaust pollution at 
higher speeds. In a study by Klein, carbon monoxide 
and hydrocarbon emissions (pounds per mile) (kg per 
km) were found to decrease directly as speed increases 
(215). While the decrease in pollution for each vehicle 
is small for speed differentials of under I 0 mph ( 4.5 
m/s), the combined effect for thousands of vehicles 
annually could be significant. 
RESURFACING COSTS 
Resurfacing costs are estimated annually for each 
road section recommended for resurfacing by the 
highway districts. The estimates are based on section 
length, highway width, number of lanes, type of 
proposed surface, and the availability and costs of 
materials and labor. Under the 1976 resurfacing 
program, 1,037 miles (1,670 km) of road were 
considered; and the total estimate was $29,6!5,000. The 
average statewide cost of resurfacing based on those 
estimates is $14,200 per lane-mile ($8,875 per 
lane-kilometer). This corresponds to an average cost per 
mile (1.6 km) of $28,400 for two lanes. The resurfacing 
costs used in the dynamic programming model were the 
estimates given for each project as determined by the 
Division of Maintenance. 
DYNAMIC PROGRAMMING 
Input 
Input into the dynamic programming model 
consists mostly of information and data available from 
the pavement rating forms completed by the Division 
of Maintenance and includes location (district, county, 
route, and mileposts), deficiency rating, roughness 
index, skid number, AADT, speed limit, section length, 
and resurfacing cost. The total number of accidents 
during the previous year, obtained from the computer 
accident tape on file for use by the Department, is an 
added input. 
Other information needed for the program includes 
interest rate of money (assumed to be eight percent in 
this study), average cost per accident ($4,055 for rural 
roads in Kentucky for 1977), and number of locations 
being considered. Since the budget for resurfacing in 
each district is essentially arrived at on the basis of a 
formula described earlier, dynamic programming was 
applied to highway sections recommended for 
resurfacing by each district and the districts' budget. A 
detailed listing of coding instructions for input to the 
dynamic programming model are given in APPENDIX 
H, and the computer program is presented in 
APPENDIX I. 
...... ..... , ...... ...... .... . ...... 
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Figure 19. Example of a District Benefit/Cost Listing of Projects. 
EUDGET I O E NT F o  'o. RT. dMP '"' 
·'110. 
7670(10.·)0 
2 1  42 162 8 0 . o  · 2  
20 70 oo l 2 o 7  1 6 .  q 
1 9  7 2  b41 o . o  5 . 7  
1 d  3 8  1&6 5 . 1  1 3  o 2  
l 7  " b B  0 . o  9 o 4  
16 4 bO o . o  6 .  2 
l 5  42 94 1 0 . 5 1 7 .  2 
1 4  4 413 A . o  ' · '  
l 3  4 4 7 3  1 . b  a .  ·J 
l 2  1 1 1  " . 3  3 . 0  
l l  70 t.r· 2 7 . 3  2 9 . 1 
10 7 9  b 8  2 2 . 5  Z "i . q  
9 42 " . . , 14 0 8 
8 42 1 2 1  1 0 .6 l O . q  
7 4 4 7 3  l l o4 l 4 o '5  
b 42 45 1 6 . 5  1 7 . 6  
5 1 1 1  . ,  3 . 7  . . , 
4 4 51 o l  1 .  9 
3 1 1 1  0 8  1 ':i .  3 1 1 . 9  
2 42 1 3 !  1 .  3 9 , 5  
1 1 8  .. 1 0 . 8  24 . 2  
l'HALS 
The various benefits (savings) associated with 
resurfacing all projects are detailed in Table J2. When 
the projects were combined, 42 percent of the benefit 
($24.5 million) resulted from fuel savings and 34 percent 
($19.7 million) from comfort benefits. Other benefits 
include 15 percent ($8.6 million) for time savings, 6 
percent ($3.3 million) for accident reduction, and 4 
percent ($2.1 million) for maintenance savings. Of the 
233 projects, only 42 had benefits from time savings 
(pavements with RI above 700). All projects showed 
benefits due to improved comfort and maintenance 
savings. Fifty-three sections showed no benefits from 
accident savings. 
The results of selecting projects by dynamic 
programming for each district were compared to the 
results from present procedures utilized by the districts 
and the Division of Maintenance. Table 12 shows the 
benefits and costs of projects selected in each district 
by the two procedures. The present procedure of 
selecting projects yielded total benefits amounting to 
about $27.7 million compared to $36.1 million in 
benefits derived from projects selected by dynamic 
programming. The cost of the projects selected by 
dynamic programming was also slightly lower ($8.5 
million compared to $8.6 million). 
The benefit-cost ratio of projects selected for 
resurfacing in 1976 was 3.2 1.  This compares to 4.22 
if the selection of projects had been made by dynamic 
programming on the basis of budget allocation to each 
district. Dynamic programming, therefore, would have 
yielded a 30.4 percent increase in benefits and reduced 
Al T-NU"1 C O S T  BENE F I T  8EN E F J T - C O S T  
RAT I O  
0 o .  o .  o . o v  
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1 5 25 8 3 . 1 6 5 3 5 7 .  3 o l 4  
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1 6 7660 . 204366 0 3 . 0 2  
1 1 7 2 000 . 4804o!i. 2.79 
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1 5 39.?2 • 3 J J 3 5 4 o  6 . 1 3  
0 0 .  o .  o . o o  
1 3 3 5 9 7 5  0 l348048o 4 o 0 l  
7 6 5 72 5 .  28004i l o ) . 6 6  
costs by 0.9 percent. The overall improvement in the 
benefit-cost ratio would be 3 1.5 percent if dynamic 
programming was applied. 
The selection of projects by dynamic programming 
would have resulted in very substantial improvements 
in the benefit-cost ratios for the districts. The greatest 
change in the ratios was for District 7 (78.4 percent) 
and the lowest change (6.5 percent) in District 3. Table 
12 also shows vast differences in the benefit-cost ratios 
among districts when either procedure of selecting 
projects was used. Pilvements resurfaced in District 12 
had the highest benefit-cost ratio (6.76), and the lowest 
ratios were for Districts 2, 8, and 4 (2.00, 1.86, and 
1.74, respectively). If dynamic programming had been 
used in selecting projects, the highest ratio would have 
resulted again for District 12 (9.32) and the lowest in 
District 4 (2.29). 
As stated earlier, the present method of budget 
allocation allows district personnel to select 
approximately one-half of the projects. In 1976, the 
statewide benefit-cost ratio of pavements resurfaced 
according to the districts' choices was 2.38 (Table 13). 
A benefit-cost ratio of 4.39 could have been obtained 
if the districts had used dynamic programming. The 
remaining funds were spent according to pavements 
selected by the Division of Maintenance after objectively 
rating the pavements. The selected projects had a 
statewide benefit-cost ratio of 4.37 (Table 14). An even 
higher ratio of 5.84 would have resulted if the Division 
of Maintenance had selected projects on the basis of 
dynamic programming. 
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Projects Selected on a Statewide Basis 
If projects had been selected by benefit-cost ratio 
alone on a statewide basis using funds allocated to the 
resurfacing program in 1976 ($8.6 million), the projects 
selected would have an overall benefit-cost ratio of 4.52. 
This is somewhat higher than the ratio of 4.22 which 
was obtained by using dynamic programming based on 
budget allocations by district and is substantially higher 
than the 3.21 realized in 1976 by selecting projects 
according to established procedures. If the statewide 
budget of $8.6 million had been spent strictly according 
to the priority ranking based on the total deficiency 
ranking as shown in Table J-3, the resultant benefit-cost 
ratio for all the projects would have been 3.29. 
A high degree of correlation (r2), of course, was 
found between the total deficiency rating and 
benefit-cost ratio of the projects. Figure 20 shows the 
linear regression line and points representing data 
grouped by benefit-cost ratio. However, the scatter of 
the data, as reflected by the standard error of estimate, 
Es, was quite high. 
• 
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5. Responses from randomly selected drivers and 
employees of the Kentucky Department of 
Transportation indicated a value of I cent per mile (0.6 
cent per km) of benefit from improved driver comfort 
due to resurfacing a road in very poor condition. The 
relationship was developed between average annual 
benefits (cents per vehicle-mile) and roughness index. 
The equation for comfort benefits over the life of a 
surface was also developed. 
6. The time savings resulting from resurfacing was 
determined on the basis of speed limit and roughness 
of the pavement. A maximum speed difference of 8 mph 
(3.6 m/s) was derived for a pavement with a Roughness 
Index over 950 and speed limit over 55 mph (24.6 m/s). 
Resurfacing was determined to have no effect on traffic 
speeds for a road with Roughness Index below 700. An 
equation for present-worth benefits from time savings 
due to resurfacing was developed. 
7. An equation was developed for present-worth 
savings in fuel costs due to resurfacing. This was done 
after fmding the relationship between roughness of the 
pavement and average armual percent reduction in fuel 
costs. 
8. An equation was developed to compute 
present-worth savings in maintenance costs due to 
resurfacing. Deficiency points were used for this 
calculation. 
9. Based on an accident analysis, two types of 
accidents were found to be affected by resurfacing. The 
first relationship was between the condition of the 
pavement and the number of road-defect accidents. A 
relationship was developed for percent reduction in total 
accidents versus deficiency points. The second type of 
accident was wet-weather accidents. A relationship 
between skid number and reduction in total accidents 
was developed based on findings of a previous study 
(22). 
TABLE 1 5. SUMMARY OF RESULTS OF ECONOMIC ANALYSIS 
Present Procedures Compared to Dynamic Programming 
(District Budget) 
Total Funds · 
Funds Available to Division 
of Maintenance-
Funds Available to Districts 
Projects Selected on Statewide Basis 
(Statewide Budget) 
Total Funds · 
Funds Available to Division 
of Maintenance -
Present Procedure 
Dynamic Programming 
Present Procedure 
Dynamic Programming 
Present Procedure 
Dynamic Programming 
Total Deficiency Rating 
Benefit-Cost Ratio 
Dynamic Programming 
($1 0,000 Increment) 
Benefit-Cost Ratio 
Dynamic Progrsmming 
($1 0,000 Increment) 
BENEFIT-COST RATIO 
3.21 
4.22 
4.37 
5.84 
2.38 
4.39 
3.29 
4.52 
4.51 
6.29 
6.24 
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23. National Safety Council Traffic Safety Memo No. 
113 - Costs of Motor Vehicle Accidents, Federal 
Highway Administration Bulletin, October 20, 
1977. ' 
24. Rizenbergs, R. L.; Burchett, J. L.; and Warren, L. 
A.; Relation of Accidents and Pavement Friction 
on Rural, Two-Lane Roads, Record 633, 
Transportation Research Board, 1977. 
25. Agent, K. R.; and Zegeer, C. V.; Effect of Pavement 
Texture on Traffic Noise, Kentucky Bureau of 
Highways, Division of Research, February 1975. 
26. Klein, G. E.; et a!.; Methods of Evaluation of the 
Effects of Transportation Systems on Community 
Values, Stanford Research Institute, 1971 .  
Ls 
AADT 
NOTATION 
= total deficiency rating of the highway 
before resurfacing (points). 
= service life of the overlay (years). 
= cost per accident. 
= present-worth benefits from driver 
comfort. 
= section length (miles). 
= average, annual daily traffic of the 
highway section, 
= comfort factor used to convert to 
present-worth benefits. 
= pavement serviceability index. 
= roughness index, 
= time savings (in hours). 
= travel time hefore resurfacing (in hours). 
= travel time after resurfacing (in hours). 
= vehicle speed before resurfacing (in 
mph). 
= vehicle speed after resurfacing (in mph). 
= difference in speed due to resurfacing (in 
mph). 
B = 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
Bww = 
= 
annual savings in time costs on a highway 
section. 
present-worth benefits for fuel savings. 
maximum possible comfort cost ($0.01). 
comfort cost of pavement based on 
roughness index or PSI (Figure 3). 
present-worth factor. 
the maximum percent reduction in fuel 
cost (23 percent) due to resurfacing. 
the percent reduction in fuel costs based 
on the roughness index before 
resurfacing (Figure I 0). 
fuel factor used in convert to 
present-worth benefits. 
present-worth benefits from maintenance 
savings due to resurfacing a highway 
section. 
maximum annual maintenance cost per 
mile (1.6 km) before resurfacing ($900). 
annual maintenance cost per mile (1.6 
km) based on deficiency rating (Figure 
12). 
maintenance factor used to convert to 
present-worth benefits. 
present-worth benefits from reduction in 
road-defect accidents due to resurfacing. 
annual number of accidents on a section. 
maximum percent reduction in 
road-defect accidents (15  percent). 
percent reduction in road defect 
accidents corresponding to a particular 
deficiency rating (from Figure 14). 
present-worth benefits from reduction in 
wet-pavement accidents due to 
resurfacing. 
percent reduction corresponding to a 
particular skid number (Figure 16). 
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EXAMPLES OF VARIOUS PAVEMENTS 
CONSIDERED FOR RESURFACING 
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Figure AI. Pavement with a Rating of 22.8. 
LOCATION: District I, 
Livingston County 
us 60 
Milepost 12.7 to 16.9 
Smithland-Marion Road 
PROJECT NUMBER: MP 7().70.L 
SECTION LENGTH: 4.180 miles (6.7 km) 
AADT: 2,600 
TRAFFIC SPEED: 55 mph (24.6 m/s) 
PAVEMENT RATING: 22.8 
MAJOR DEFICIENCIES:None 
DISPOSITION: Not Resurfaced 
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Figure A3. Pavement with a Rating of 37.2 
LOCATION: District I, 
Trigg County 
us 68 
Milepost I 5.3 . to 17.9 
Cadiz-Benton 
PROJECT NUMBER: MP 1 1-254-H 
SECTION LENGTH: 2.627 miles (4.2 km) . 
AADT: 6,800 
TRAFFJC SPEED: 55 mph (24.6 m/s) 
PAVEMENT RATING: 37.2 
MAJOR DEFICIENCIES:Cracked surface on 30 to 40 percent 
Skid Number of 26 
DISPOSITION: Not Resurfaced 
f 
I l 
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Figure AS. Pavement with a Rating of 53.6. 
LOCATION: District 7, 
Scott County 
us 25 
Milepost 16.8 to 25.4 
Georgetown_ Williamstown 
PROJECT NUMBER: MP 105-14-T 
SECTION LENGTH: 8.95 miles (14.4 km) 
AADT: 361 
TRAFFIC SPEED: 55 mph (24.6 m/s) 
PAVEMENT RATING: 53.6 
MAJOR DEFICIENCIES:Surface raveling on 80 to 90 percent 
Cracked surface on 80 to 90 percent 
Patching on 40 to 50 percent 
Roughness Index of 805 
DISPOSITION: . Resurfaced 
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LETIER OF INQUIRY SENT TO 
OTHER STATE HIGHWAY AGENCIES 
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COMMONWEALTH OF KENTUCKY 
JOHN C. ROBERTS 
SECRETARY 
DEPARTMENT OF TRANSPORTATION 
BUREAU OF H IGHWAYS 
JOHN C. ROBERTS 
COMMISSIONER 
.JULIAN M .  CARROLL 
GOVERNOR 
Dear 
Division of Re,.arch 
533 south L.lmestone 
L.exlngton, KV •osoa 
September 23, 1976 
H.2.75 
The Kentucky Bureau of Highways is currently reviewing its technique in selecting highway sections 
to be resurfaced under the highway maintenance program. The use of computerized benefits and costs 
for each project is under consideration. This would allow the selection of the most cost-effective projects 
each year based on a limited budget. 
Before we continue in our study, we would like to learn the techniques used by other states for 
selecting an annual listing of resurfacing projects. In particular, we would appreciate your response to 
the following questions concerning the maintenance resurfacing program of your state: 
I .  How are pavements evaluated and rated (Please enclose rating form if possible)? 
2. What costs are considered in selecting projects to resurface (resurfacing costs, annual maintenance 
costs, etc.)? 
3. What benefits are considered in selecting projects to resurface (accident benefits, comfort and 
convenience benefits, time savings, etc.)? 
4. If benefits are computed, please list the assumptions used (For example, an accident reduction 
of IS  percent might be assumed for calculating benefits from accident reduction). 
5. Is a computer program used to select resurfacing projects? If so, what method is used 
(benefit/cost ratio, rate of return method, etc.)? 
6. Any other pertinent information concerning your state's resurfacing program would be greatly 
appreciated. 
Thank you very much for any help you can provide us on this matter. If you wish a copy of 
our fmished report, please indicate so in your reply. 
Sincerely, 
Charles V. Zegeer, PE 
Research Engineer Senior 
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PROGRAMS IN OTHER STATES 
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STATE 
Arirona 
Arkan!ills 
California 
Colorado 
Conneetil:ut 
Florida 
Idaho 
Illinois 
Indiana 
Iowa 
K.anas 
Kentucky 
FORMAL 
RATING 
SYSTEM 
Ya 
No 
No 
No 
No 
No 
No 
No 
... 
Yes 
No 
No 
METHODS OF PAVEMENT 
EVALUATION 
A p1Vement 1urfacc condition report il 
furnished for &II sections which arc 
eonsiderd for resurfacing. 
COSTS 
CONSIDERED 
Skid resistl!lce and viwal impection Ire ltelwfaciRI COlli 
currently used, but a pavement nr.tin& system 
1:& under developmenT. 
District priorities are �tnt to central office lteslufKilla COils 
bned on subjective evalUIIlions. RouJhnea 
and skid resistance data arc al� con5idercd 
to develop priorities for rewrfacing. 
District penonnel telect re511rfacing proj-ects 
bated on surface conditions as noted by 
visual inspections. Traffic volumes are also 
considered, 
A pavement evaluation survey Is used to rate 
selection for resurfacing selection. 
Sufficiency rating is the lllljor factor used 
to select resurfacing projects. 
Rawfacm,. IUinte•-. Nld -'ttn��te 
reconstnaedon llOdJ 
Annlal mainteaance costs aad rnllrf.ebl& 
-
Skid resistance and visual inspection are used ResaufiCilla costs 
along with ADT, 
Priorities arc determined by the Districl 
Engineer 111d hii staff. 
A p.�vcment condition rallng sy1tem is used 
to determine priorities for rcsurfadn&. 
Resurfaclq costs, Avinp Mid --&eMM!e 
costs, and reconstrvc:tlon eostllf ftiMI'fac� 
is 1111t done 
Prujccts are $Clccted for resurfacing based on RnurfuinJ and annUli! nllbateMKe _,, 
the Pavement Condition Rating. 
P.•vements are cvaluaTc.J by visual inspection Resurfacina: costs 
and no rating fo11n i� uw.J. 
ResuTf�.:ins is ba$Cd on sufficiency ratings ReswfacinJ coJts 
and on visual inspection of the hlghw�y 
system. 
The condition of pavement surface and Resurf1cm, costs 
foundation arc rated subjectively on a scale 
uf J (WU!St) to 9 (best), 
Rcwmmendations iiiC m�.Je by each of the RnurfaciDJ costs 
six distri�ts rur rcsurfacin� and priorities are 
deTermined in the cenT Tal nllh:c. Subjective 
inspections �re uwd by disui�t pcrwnneJ. 
SubjecTive cv�lualiuns arc used to select Resurfaciq COllis 
priuritics l"ur resurfacinG. Skid number and 
sufficiency ratinlt$ .,e considered. 
Selection of projects is bated on 1 rating Resurfac:lat: COSis 
form. 
An enluatiun form Is used fur ea..:b section 
b�ted un service, ct>!lditinn, and safety 11f 
the pavement. Priuritiu arc listed haied oo 
final numerical utings, 
Rewrflclna COlliS (m��intclllnct toiill are 
Jiven on ewahaatton fonns but 1101 C��nnttly 
... , 
R:llinJ!. forms are used to determine the Resurfacina CIISII ud raallttnucc COlli 
prioriTies for resurfacing based on present 
serviteilbility index, structural condition, 
and AUT in each district. 
Viswl filings have been used, bul rued 
roup.lmeu and 5kid resistance data arc nuw 
being included. 
-- -
Resurfac:illa COlli, _..,lnante COJb, 
drainl&t kriprv-1111, ud COIU for 
widellina and Prinl lhwldcu 
Subjective eva:Juatioos arc 1111de by dilltict Rnwfadna CIKis 
personnel and rc.eumincd in the central 
office. he tors like AI)T, fu1ure �:rowth, and 
economic condition of area arc uscd lo 
select ICclions fur rt1111facing. 
COMI'IITER· 
AIDED 
S£1.ECTION 
No 
No 
No 
No 
No 
No 
No 
Ya 
No 
No 
No 
No 
No 
No 
... 
No 
No 
.. 
OTHER 
INFORMAnON 
,.._ ��e to .a.o -".ate �� lllbWty or 
jiiiW"menl ud anltllllkment dnaelure. 
A lltW m�inle111nce INII'JIIflMIII I)'Stern il: 
udtr development which would aDow 
computer ldection of -nadn& projec:tl 
ltued on bmefi11 and C05ts. 
Pavements 1ft eftbllled hike 1 Yfll· 
Sud.ce trahllent II � oa rwe ADT 
-
See Appendb: E fiJI' r-nt Ca.ditlon 
Rltbt& lheet. 
CcNmrUan from •ffJCieDey rati!WJ 10 the 
AASHTO rDICI tell criten. b DOW  Ullde!Wiy. 
A limited •umber of lkld tests 1rc 
coMiueted eldl ye.- which may kid to 
...........  
See ApPelldil. E fot •n eumplc: of the ntinc 
, __ 
Comp11ter II ned fiJI' ""'in& illfonnatlon 
Mit JIOI for alcctint; .-lfaelna prilw"it�s. 
A pruposnl ,._., n�till& 1)'51rtn k bel!\,1 
.......... 
" project prillrity lid • forlhcotninc baxd 
• lllkicl �. fOI!Ihnea, 1nd Yislllf 
.. _ 
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STATE 
South C.Oiinl 
South Dakob 
Uuh 
Vermont 
West ViqinUI 
Wilcolllin 
Wyornin&: 
FORMAL 
RATING METHODS OF PAVEMENT COSTS 
CONSIDERED SYSTEM EVALUATION 
No 
No 
Yn 
No 
No 
No 
No 
No 
A listing of resurfacing needs are sent to the Ren•rfaelng and maintenance c:osts 
c;entral office by distrkt personnel based on 
traffic volumes, maintenance costs, and 
objective evaluation of road condition. 
Projects are recommended annually by Resurfacing costs, maintenance costs, and 
district engineers and inspected by futuR condtuction costs 
maintenance JH'Tsonnel to determine 
priorities. 
An annual surface condition record is Rtsurfacing costs 
obtained for all highways undu state 
jurisdiction ba5ed on surface ch.uacteristics, 
croS!i section, and profile. This is used as a 
guide for resurfacing priorities. 
Rnurfacing section5 are selected by district Resurfacing costs and maintenance c:osl!i 
personnel on the basis of Pavement 
Serviceability Index. 
A computerlud pavement evaluation system Resurfacing costs 
wn developed based on structural adequacy, 
distress, serviceability, and slcid resistance. 
Factors such as ADT, loading, speeds, and 
functional class arc also considered. 
Pa•cments are eval1111ted visually with Resurfacin3 costs 
attention to surface deterioration, 
rideability, and service to the public. 
A skid number below 40 warrants a Rcsurfacin& costs 
pavement review for possible resurfacing. 
Priorities for resurfacing are based on the Resurfacing cost$ 
pavement rating system. 
Sufflcicncy ratings and ADT are used to Resurfacing costs 
compute a Need Jndex for each section. 
District engineers review roadway condition Resurfacing costs 
and make reconunendations for 
improvements. 
Sections with a bad skid or condition Rnurfacing costs 
problems 11e resurfaced. Subjective input 
from districts arc used with accident data 
to obtain priorities for other resurfacing . 
...... .... .... ... :: .  
COMPUTER· 
AIDED OTHER 
SELECTION INFORMATION 
No 
No 
Yn 
Yn 
No 
No 
No 
No 
No 
Approx.imat�ly 58.5 million is �nt 
annually oa murfaeln&. 
Traffic volumes and roadway geometries are 
also considered. 
Surface Condition Records for aU highway 
(iH Appendix E) uc printed in hard copy 
form or as visual display on a e��thode ray 
tube unit 
For federal projects, fn.nsvene cracks, 
percent cn.cklng in wheel paths, and runing 
deptho uc abo used in evaluations. 
A eomputu printout whk:h contllins 
pavement qe, lkid number, and accident 
data of hi&hway sections will won be 
Utilized. 
Computen we used to pro<:css resurfacing 
dati. See Appendix E for Pavement Rating 
Sheets. 
See Appendix E for Pavement Ratilll! 
Worksheet. 
The Research Lab has 1 statewide inventory 
of llkid rftislance data. 
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RATING FORMS OF PAVEMENT 
CONDITION USED IN OTHER STATES 
r 
! 
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D Resurfa c i n g  Project D Seal Project 
GEORGIA 
PAVEMENT CONDITION 
L:::7 Di strict Priority Number 
RATER ------------- TITLE -------- DATE ----­
DISTRICT NUMB ER --------- STATE ROUTE NUMBER ---------­
COUNTY ------------- SURFACE TYPE -----------­
LOCATION --------------------------
LENGTH ------- PAVEMENT W I CTH ----- SHOULDER W I DTH ------
BRI DGE W I DTH ----------- AADT ------------
RATING SCALE RELATI V E  INFLUENCE ON RATING 
10 
9 - _ Very Poor "' "' ... .. 
8 TYPE OF DISTRESS . 41 ,_ .., 0 
7 -_ Poor 
.., .. "' ·;:: .r:; ,_ ,_ "' "' "' "' "' c: ·- "' > .., 
0 � 0 "' "' z V) :0:: V) 0 
6 
STRUCTURAL : 
5 - _ Fa i r  Transverse Cracking 
4 
----\congi tudl na rac K i ng 
Al l i gator Cra c k i ng 
. 3 - _ Good 
Patching 
Rutting 
Edge Rutt i ng 
2 R i de l Roughness ) 
1 -,..- Very Good SURFACE :  
Oxidat i on 
0 Wear 
Bl eeding 
Skid Res 1 s tance 
M i s s i ng stone 
COMMENTS & RECOMMENDATIONS ------------....,..----------
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NORTH CAROUNA 
FLEXIBLE PAVEMENT 
SURFACE CONDITION RATING SHEET 
Date: ----------- County: --------------- Route:------------- From: -----------------
To: ------------- Mil-: --- ----- Type SUifoce: -------------------------
Date of l'lac<ment: --------------- Additional information ....,.U., -ment llllfooe: --------
Gen. Str. 
Condition 
-- Good 
2 -- Long. 
Crk. 
3 --- Map 
Crk. 
Surf""" 
w .... 
-- None 
-- Slight 
--- Moderate 
4. -- Allig. -·- --- S..ere 
· · Crk. 
5 --- Eros. -- Abruion 
Unlfarmity 
-- Good 
-- Strlul. 
-- Cr. FW. 
--- 0" 
--- 1/8" 
-- 1/4" 
-- Blotdty -- --- 1/l" 
-- Noo. Unlf. > 1/2" 
--- Eaeellent --- Ex..Uent 
-- Good -- Gnocl 
--- Folr -- Fair 
--- Poor --- --- Poor 
--- Ve<y Pno< -- Very Poor 
Totll Polnta ----------
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M&R 702 
7-76 
District _______ _ 
Begin SLM ______ _ 
OHIO 
EVALUATION BITUMINOUS 
SURFACED PAVEMENTS 
Coon�--------
End SLM _______ _ 
.... __ .. __ 
Route ________ _ 
Ci� 
Village'---------
Present Surface Type 0 �--------------------
Previous Treatment Year _____ _ Length ______ mi. Width _____ _ 
PAVEMENT RATING 
CRACKED and/or ALLIGATORED X 2 •  t 2 3 4 5 6 7 8 9 10 
RAVELING 
1 2 3 5 7 8 9 X 2 =  4 6 10 
PATCHED and/or CRACK SEALED X 1 •  1 2 3 4 5 6 7 8 9 10 
ROUGHNESS X 4 • 1 2 3 4 5 6 7 8 9 10 
RUTTED 
1 2 3 5 7 8 9 10 X I •  4 6 
1 2 3 4 5 6 7 8 9 10 I TOTAL 
Vwy Poor - Fair Good v.,.,Good 
F I N A L  EVALUATION 
1.  PAVEMENT RATING (from above) 
2. ON SLIPPERY PAVEMENT LIST 
3. AVERAGE DAILY TRAFFIC 
(a) total --- -------------------------- �----
(b) number B & C commercial 
· -
4. DE FERMENT OF RESURFACING 
(a) severely reduce routine maintenance (yes or no) --
(b) beyond capahility to further maintain (yes or no) 
REMARKS: __________________________________ _ 
INSPECTED BY DATE 
Front 
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.. .. IS . � ��  u .... ., ROUTE z ::l  u z . �� Si NUMBER "' 8 § z 
I 2 3 4 � 6 e 9 IC I I 1 2  
Il l I I I I 
ii li CROSS SECTION 5 §  
13 14 I �  I 6 17 1  8 19  2 
CROSS SECTION 
UniformifJ of crown 
Suptrtltvation .of eurwq 
Rovelino and /or tpalflnv of 
pavement ld;tt 
�uttln; in whul paths 
� Condition "• Mteti!!i Pt. Rlrtif19 Atcept, Cond. 
A b:eflent 95-100 25 
I Yrly Good 85- )15 20 
c Cood ?5- 85 1 5  
0 Fair 65-7!1 10 
E - 50-SS II 
F Yrly - '"' thOft 50· 0 
REMARKS: 
LRottd e, •• �-v•--noDcrflooooo-oo 
TENNESSEE 
$URFACE CONDITION R ECORD 
COORDINATED DATA Fll.E SYSTEM 
!l � I  i I I  SURF�E � Iii nl .. e =- PROFILE CHARAC-· 5 2i  3 c TERISTICS 
21 22 23 2 2 
PROFILE 
Corruoationt 
Humpt 
Dips 
Rldlnt IIIUOIIty 
. . .,.Mntrnq , Grode �AccepLCond. Pt.Rat•nq 
A Esoellont .S-100 25 
a v.., Goocl 15-95 20 
c Good '1'11-85 1 5  
D Fair 15-75 10 
£ - 50-15 5 
F Very Poor lei� than �0 0 
7 2  8 2  5 1  52 
SURFACE 
CHARACTERISTICS 
Pot holts 
Surface I'OYIIiftQ and dltinte-
.,.,, .. 
llow-upt 
'Pumpino 
ll�tdino 
Patching 
Crocking 
Bumpt 
. . -t. Mettinq Grode � Ac::cpt. Ccnd. Pt.�"�nq 
A Eactllent e-too so 
B """ Good 85-9� 40 
c Qocd 7!1-es 30 
D Fair 15-7!1 20 
£ - 50-65 10 
F V.., Poor - - 50 0 
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-CRACKING 
AVBRAGING 1/8+ 
RAVELING 
DISINTEGRATION 
PO POUTS 
SCALING 
SPALLING AT 
JOINTS AND 
C;\ACKS 
-
PU;!PING 
BLOWING 
BLOl'I-UPS 
---
FAULTING 
SUI!LING 
WARr:ING 
SHTLE!•lENT 
PATCHING 
RIJTTING 
PAVEMENT l :y: ,, AR 
I 
I 
I I 
I 
Units 
Per 
Panel 
Length 
Average 
IVidth 
in· 
Inches 
Percent 
Panel 
Length 
Number 
Per 
fli 1e 
Average 
of 
Di splace-
ment in 
Inches 
Pe:-cent of 
Panel s  
Average 
�epth 
111 
IT'chc�s 
WASHINGTON 
PAVEMENT CONiliTION RATING 
CEf!ENT CO�CRETE PAVEMENT 
DEFECT DEDUCTIONS 
Negative Values Are Ass_igned 
To The Failures By Degree 
(1) 1-2 
( 2) 3-4 
(3) 4+ 
( 1 )  S l ight 
(2) Moderate 
(3) Severe 
(1) 0-1 
(2) 1-3 
(3) 3+ 
(1) 1-9 
(2) 10-50 
(3) 51+ 
(1) 1 
(2) 2-3 
(3) 4+ 
(1) 0-1/4 
(2) 1/4-1/2 
(3) 1/2+ 
( 1 )  1-5 
(2) 6-20 
(3) 21+ 
( l) 1/4-1/2" 
- " (2
J 
1/2 3/4 
,3 Ovcr.3/4" 
Percent of Panels 
None 1-25 26-50 51+ 
5 10 20 
10 20 35 Negative 
15 30 50 Values 
Percent of Area 
None 1-25 26-75 76+ 
5 10 20 
10 20 35 Negative 
15 30 50 Values 
Percent of Joints 
None 1 - 15 16-50 51+ 
5 10 20 
10 20 35 Negative 
15 30 50 Values 
Percent of Panels 
None l-15 16-35 36+ 
5 20 35 
10 25 40 Negative 
15 30 45 Values 
Blowups Per t-1i le 
None 1 2-3 4+ 
5 
10 Negative 
15 Values 
Percent of Panels 
None l - 15 16-35 36+ 
0 10 20 
5 15 25· Negative 
10 20 30 Values 
Percent of Area Per Panel 
�one 1-5 6-25 26+ 
2 5 7 
5 7 10 Negative 
7 10 1 5  Values 
Throughout Ratc�
1
�e��!on >I< 
None 1/4-1/2 1 2-3 4 3 4+ 
5 Negative 12 
20 Value� 
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DRIVER RESPONSES TO 
THE QUESTIONNAIRE 
As discussed previously, I ,000 questionnaires were 
sent to the driving public requesting information related 
to their willingness to pay for travel on a newly 
resurfaced road instead of a rOad in very poor condition. 
Another question concerned their opinion of the 
condition of pavements which they normally drive. 
Choices to this question were excellent, very good, good, 
fair, and poor. A summary of responses from 189 people 
responding to this question follows: 
Number of 
Response People Percent 
Excellent 6 3 
Very Good 18 10 
Good 42 22 
Fair 69 36 
Poor 54 29 
Total 189 100 
The most common response given was "fair" (36 
percent). Of the other responses, 35 percent were above 
"&: • II (" II " II I I  II I I  .au exce ent , very good , or good ) and 29 
percent rated highway pavements as "poor". Only three 
percent gave an "excellent11 rating. The resuJts are not 
surprising since many people seem to recall the worst 
surfaces they have driven. Surfaces in new or excellent 
condition are seldom noticed since no unusual strain is 
placed on the driver. 
Drivers were also asked to list any sections of 
highway which they thought were in need of resurfacing. 
A total of 130 people responded to this question, and 
83 people listed one section, 3 1  people listed two 
sections, 1 3  people listed three sections, and three 
people listed more than three highway sections. Several 
people mentioned that they did not know the route 
numbers of the roads in need of resurfacing. 
Various other comments were received from 1 54 
people. A complaint by 20 people was that more should 
be done with their tax money to improve state roads. 
Several people resented tolls in general. Another 
common complaint was that the potholes resulting from 
the past winter were dangerous and resulted in increased 
car repairs. Ten people specifically mentioned damage 
done by overweight coal trucks. Typical examples of 
favorable and unfavorable comments follow: 
Favorable Comments from Drivers 
"Compared to driving in Cleveland, Ohio, recently, 
our Kentucky roads are excellent." 
"I think the maintenance crew iS trying to do a 
good job on keeping the roads in good condition." 
"I think that the highway department has done a 
very good job in fixing the roads due to the bad weather. 
The work was done in a very good manner .imd was 
done quickly." 
"I think the reflectors being installed on the roads 
are great." 
"If the rest of the highways in Kentucky were as 
good as Interstate 64, the roads could be rated as 
excellent.'' 
"I think Kenton County Department of Highways 
and the state Department of Highways did an excellent 
job clearing these highways this past winter. Hats off 
to both." 
"I think the general public wants much more than 
they are willing to pay for." 
Unfavorable Comments from Drivers 
"There is a need for 4-lane highways in Eastern 
Kentucky.'' 
". . . I lost a muffler at 28th and Broadway 
(because) the street is so bumpy." 
"During my yearly trip to Florida, I find that roads 
in the states I go through are much more superior than 
the highways in Kentucky. "  
"More roads should have reflectors on them'" 
"When most roads are constructed they are not put 
down to last long." 
"I 65 has a washboard effect that gets to be 
sickening while riding in a camper or mobi1e home." 
"For the amount of taxes paid, there should be 
no need of toll roads." 
"Most state roads are in poor condition due to 
severe winter." 
"My opinion is the roads in Pike County that I 
travel are very dangerous and a disgrace to the state 
of Kentucky, which is a beautiful place." 
"Bridges and overpasses on I 65 (through 
Louisville) need to be replaced with a more durable 
surface so that these sections do not have to be torn 
up so often." 
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DEFINITIONS OF 
TERMS AND ACRONYMS 
GENERAL: 
Rating Points · 
SECTION 1: SERVICE: 
AADT . 
Posted Speed • 
points (maximum of 100) 
assigned to various rating 
�lements comprising SERVICE 
(IS points), PAVEMENT 
CONDITION (71 points), and 
SAFETY (14 points). 
annual average daily traffic as 
obtained from the latest traffic 
flow maps prepared by the 
Office of Transportation 
Planning. 
speed limit as noted from signs 
along the highway section. 
SECTION ll: PAVEMENT CONDITION: 
Density · density of failure or deficiency 
in pavement condition refers 
to frequency of occurrence of 
the particular condition as 
determined from a subjective 
assessment. 
Severity · severity of the failure or 
deficiency refers to how 
severely the particular failure 
or deficiency is manifested 
(such as wide deep cracks as 
opposed to narrow shallow 
cracks) as determined from a 
subjective assessment. 
Cracking · either deep cracks indicating 
structural failure or deficiency 
or surface cracks indicating 
general weathering of the 
pavement. 
Base Failure · ·  severe dislocation of the 
pavement due to failure of 
material beneath the 
pavement. 
Raveling 
(or Spalling) . 
Edge Failures · 
Out of Section . 
Patching . 
Appearance 
Rutting • 
Roughness 
Index (RI) • 
either loss of material in the 
surface of the pavement 
resulting in a very coarse or 
pitted pavement texture 
(manifested by increased noise 
level or vibration in the car) or 
loss of material at the edges or 
joints of the pavement. 
edge of the pavement 
crumbled or broken loose. 
change from original templete 
section (improper cross slope, 
half-lane width patching, 
roughness in ride due to rolling 
motion of the car, etc.). 
spot or full-width patching of 
short sections of the road. 
general appearance of the 
pavement from the standpoint 
of being pleasing or 
displeasing. 
depression, or wear, of the 
wheel tracks as may be 
measured by stretching a string 
line transversely across the lane 
and gaging the depression from 
the string line. 
a numeral expressing the 
roughness (ride quality) of the 
pavement as measured with the 
Automatic Roughness-measur· 
ing System or as measured 
with a Mayes Meter or some 
other device and converted by 
correlation to Rl. 
SECTION Ill: SAFETY: 
Skid Number (SN) · a numeral expressing the skid 
resistance of the pavement as 
measured with a skid trailer 
complying with ASTM E274 
specifications or as measured 
with a Drag Tester and 
converted by correlation to 
SN. 
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RELATIONSIDPS BETWEEN ACCIDENT DATA 
AND VARIOUS PAVEMENT RATINGS 
Comparisons were made between the pavement 
ratings and accident data of highway sections evaluated 
for resurfacing in 1973 through 1976. This involved 5 1 3  
sections with a total mileage of almost 2,300 miles 
(3,700 kilometers). Two years of accident data were 
obtained from computer records for each location. The 
accident data were for the two years prior to the year 
an evaluation was conducted. The accident information 
extracted was as follows: 
I .  total number of accidents, 
2. number of accidents during dry·pavement 
conditions, 
3. number of accidents during wet·pavement 
conditions, 
4. number of accidents involving road defects, 
5. ' number of accidents occurring at night, 
6. number of injury and fatal accidents, 
7. ' number of single· vehicle and fiXed-object 
accidents, and 
8. number of accidents on curves. 
Data from the field evaluation form (Figure I) were 
transferred to computer cards. Several of the major 
items from the evaluation form were then related to 
the accident data: 
I .  condition-deficiency rating (Item I I  in Figure 
I) (includes surface raveling, surface cracking, 
patching, edge failure, base failure, alignment, 
rutting, and Roughness Index), 
2. skid-resistance deficiency rating, and 
3. total deficiency rating (combined Items I and 
2 above and service rating (Item I in Figure 
1)). 
The individual locations had an average length less 
than 5 miles (8 km). Locations with similar ratings 
(ratings in a certain range of point values) were grouped 
to make the data more manageable - that is, to reduce 
the number of data points so that trends might be 
discerned. The total deficiency rating and skid-resistance 
deficiency rating were grouped into six ranges of point 
values, and the condition-deficiency rating was grouped 
into four. Accident data were summarized for ail 
locations within each group. The average rating (point 
value) for all locations in each group was then related 
to accident data. Equations of the best-fit lines using 
linear regression and the method of least squares were 
determined. Also, coefficients of determination (r2) 
were calculated to indicate the strength of the 
relationship. 
A strong relationship was found between the 
condition-deficiency rating and percent of accidents 
involving road defects (Figure Gi). The percentage of 
accidents involving a road defect ranged from 1 7  percent 
at locations with high condition-deficiency ratings to 
under four percent at locations with low ratings. The 
relationships between the skid-resistance deficiency 
rating and the ratio of wet- to dry-pavement accidents 
(Figure G2) and percentage of wet-pavement accidents 
were also found to be good. The percent of 
wet-pavement accidents varied from about 20 percent 
to 36 percent with low and high skid-resistance 
deficiency ratings, respectively. Strong relationships 
were also found between the total deficiency rating and 
the total accident rate and wet-pavement accident rate. 
A direct relationship between total deficiency rating and 
accident rate (based on AADT) is given in Figure G3. 
Locations with high deficiency ratings had the highest 
accident rates. 
A summary of all the relationships found between 
the various ratings and accident data is given in Table 
G-1. The data in this table show that several other types 
of accident data strongly correlated to some of the 
ratings. The correlation between condition deficiency 
rating and percent accidents occurring on curves was 
particularly strong (r2 = 0.97). This, of course, indicated 
that the condition of the roadway is particularly critical 
on curved sections where the chance of losing control 
of the vehicle is higher than on tangent sections . 
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CODING INSTRUCTIONS FOR 
DYNAMIC PROGRAMMING MODEL 
The input consists of one card giving the selected 
interest rate, one card giving the cost per accident, and 
one card per location giving the information needed to 
calculate the benefits and costs. The infonnation coded 
for each location is as follows: 
COLUMN 
1-3 
5-8 
10-14 
16-20 
22-24 
26-30 
32-35 
37-39 
41-45 
47 
49-54 
56-57 
59-66 
70-71 
73-74 
76-77 
78-80 
INFORMATION 
County Number 
Route 
Beginning Milepost 
Ending Milepost 
Deficiency Points 
Total Deficiency Rating (from 
maintainence fonn) 
Roughness Index 
Annual Number of Accidents 
Section Length 
Number of Lanes 
Average Annual Daily Traffic 
Speed Limit 
Resurfacing Cost 
District Number 
Skid Number 
Service Life (if designed) 
Location Reference Number 
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APPENDIX J 
TABLE Jl.  BENEFITS AND COSTS OF PROJECTS RECOMMENDED 
FOR RESURFACING IN 1976 (ORDERED BY BENEFIT·COST·RATIO) 
TABLE J2. BREAKDOWN OF BENEFITS OF PROJECTS RECOMMENDED 
FOR RESURFACING IN 1976 
TABLE J3. BENEFITS AND COSTS OF PROJECTS RECOMMENDED FOR RESURFACING IN 
1976 (ORDERED BY TOTAL DEFICIENCY RATING) 
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0> a. 
TABLE G-1. EQUATIONS EXPRESSING RELATIONSHIPS BETWEEN 
ACCIDENT DATA AND PAVEMENT RATING0 
CONDITION DEFICIENCY RATING 
ACCIDENT DATA (Y) EQUATION ,2 
Accident Rat� 
(Baed on AADTb) Y = 0.12 X + 173.4 0.05 
(Based on EAADT") Y = 0.25 X + 101.2 0.40 
Wet Accident Rated 
(Baed on AADT) Y = -0.42 X + 51.8 0.60 
(Based on EAADT) Y = -0.2 X + 29.9 0.42 
Ratio of Wet-
to Dry-Pavement Accidents Y = -0.003 X + 0.4"- 0.58 
Percent of Accidents 
Involving Road Defect Y = 0.47 X - 5  0.94 
Percent of Accidents 
at Night Y = -0.13 X + 28.2 0.69 
' 
Percent Injury or 
Fatal Accidents Y = 0.14 X + 33.3 0.78 
Percent of Accidents 
Occurring on Cunoes Y = 0.77 X . + 9.9 0.97 
Percent of Single-Vehicle 
and Fixed-Object Accidents Y = 0.1 X + 27.4 0.38 
Percent of Wet-Pavement 
Accidents Y = -0.23 X + 29.3 0.54 
8Accidents per 100 million vehicle-miles (160 million vehicle-kilometers). 
b Average annual daily traffic. 
cEquivalent average daily traffic - this tenn was based on the percent of trucks. 
dAccidents per 100 million vehicle-miles (160 million vehicle-kilometers) 
(all pavement conditions). 
eRating: = X. 
SKID RESISTANCE 
DEFICIENCY RATING TOTAL DEFICIENCY RATING 
EQUATION ,-2 EQUATION ,2 
Y = 1.38 X + 165 0.04 Y = 1.82 X + 120 0.63 
Y = I.38 X + 97 0.09 Y = 1.06 x + n.5 0.56 
Y = 1.86 X + 29.5 0.55 Y = 0.41 X + 26.5 0.64 
Y = 1.34 X + 16.6 0.63 Y = 0.23 X + 16.7 0.60 
Y = 0.02 X + .0.22 0.80 Y = 0.0002 X + 0.3 0.01 
Y = -o.o3 x + 6.8 0.01 Y = 0.15 X + 0.88 0.34 
Y = 0.01 X + 24.2 0.002 Y = -0.07 X + 27.4 0.56 
Y = 0.16 X + 36.5 0.43 Y = -0.08 X + 40.2 0.25 
Y = -0.66 X + 38.5 0.23 Y = 0.58 X + 7.4 0.86 
Y = 0.24 X + 31.8 0.38 Y = -0.04 X + 31.7 0.09 
Y = 1.0 X + 17.1 0.80 Y = 0.03 X + 21.5 0.02 
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WEST VIRGINIA DEPARTMENT OF HIGHWAYS 
DATE: 
ROUTE: 
FROM: 
TO: 
LENGTH: 
RIDEABIUTY: 
LEVELING: 
WATERPROOFING: 
GEOMETRICS: 
SHOULDERS: 
NEED INDEX • 
PROJECT REVIEW NOTES: 
PAVEMENT RATING WORKSHEET 
SCORE 
(1·5) 
ADT: 
SUFFICIENCY RATING 
(SCORE)2 
--------------. 
--------------. 
--------------. 
--------------. 
SUFFICIENCY RATING--------------. 
ADT 
SUFFICIENCY RATING �------------. 
-----------�----------------------------------------------�---
RUTTING Average 
PAVE�ffiNT Depth (1) 
li'EAR in (2) 
Inches (3) 
CORRUGATIONS 
IVAVE S  Percent of (1) 
SAGS Roadway (2) 
HUMPS (3) 
ALLIGATOR ( 1 )  
CRACKING (2) 
(3) 
RAVELING 
OR ( 1 )  
FLUSHING (2) 
(3) 
-
Lineal 
�..C!NGITUOINAL Feet (1)  
CRACKING Per (2) 
Station (3) 
fRAVERSE Nwnber (1)  
CRACKING Per (2) 
Station (3) 
_, ___ 
-
PATCHING Percent Area ( 1 )  
Per Station (2) 
(3) 
70 
WASHINGTON 
PAVE�ffiNT CONDITION RATING 
BITUMINOUS PAVHIENTS 
DEFECT DEDUCTIONS 
Negative -Values Are Assigned 
To The Failures By Degree 
ThrOughout Rated Section 
None 1/4-1/2 1/2-.3/4 3/4+ 
1/4-1/2" 5 
1/2-3/4" 12 Negative 
Over 3/4" 
.. 
20 Values 
Change Per 10 Feet in Inches 
None 0-2 2-4 4+ 
1-25 1 2 3 
26-75 2 3 4 Negative 
76+ .. 3 4 5 Values 
Percent of Wheel Track Per Station 
None 1-24 25-49 50-74 75+ 
Hairline 2 5 10 IS 
Spal l ing 5 10 15 20 Negative 
Spalling & Pumping 10 15 20 25 Values 
Local- !\'heel Entire 
i zed Paths Lane 
-
Sl ight 2 .s 10 
Moderate 5 ·  10 1 5· Negative 
Severe 10 15 20 Values 
. 
Average Width ·in Inches 
None 1/8-1/4 1/4+ Spa l l ed 
1-99 10 1 5  20 
100-199 15 20 25 Negative 
2 00+ 20 25 30 Values 
Average IVidth in Inches 
None 1/8-1/4 1/4+ SEal led 
1-4 8 10 1 5  
5-9 9 12  1 7  Negative 
10+ 10 15 20 Values 
Average Depth in Inches 
None 0-1/2 1/2-1 1+ 
1-5 2 5 7 
6-25 5 7 10 Negative 
26+ 7 10 1 5  Values 
-
g; 
tD 
Cl 
n ,.. 
TYPE WORK 
DRAINAGE 
,., """""""' 
(b) .. b .. rtaco 
(c) roadwoy 
(dl advert ...,._., 
SUBBASE REMOVAL . REPLACEMENT 
CONCRETE JOINT REPAIR 
POT HOLE PATCHING 
HIGH JOINT REMOVAL 
CRACK SEAUNG 
CROWN CORRECTION OR WEDGE 
CASTINGS 
SPOT LEVEUNG 
BRIDGE DECKS 
1•1 pob:hing 
(b) -orproofi ... 
SHOULDERS 
.. , _.. 
(b) -llzod 
(c) povad 
TREA111ENT 
0 <4112 1-
0 :403  
0 404  
o -
0 0thlr  
CORRECTIVE WORK REQUIRED 
BY CONTRACT FORCE ACCOUNT I fPrior to Rasurf.ciry11l_ I COIIIMENTS 
I I 
I 
-
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NORTH DAKOTA STATE HIGHWAY DEPARTMENT 
PAVEMENT CONDITION RATING (PCR) FORM 
( 1971) 
Month Year 
Date . • . • • . • • • • . . • • . . • .  
District . • . • • • • • • • . • • • •  
Highway • , . . . • . . .  , , , , , I • 
Mile • • • • • • • • • . • . . • • • • •  • • 
TRANSVERSE CRACKING 
(Deep seated. shoulder to sboulder) 
FA TIGUE CRACJQNG 
(Mat ed&e &. Minor transverse) 
... 
' 
i TRANSVERSE CRACK WIDTHS 
(Sealed &. Unsealed) I . ' 
tl LONGITUDINA L CRACKING � 
iil 
� i5 
·CRACK SPALLING 
MAP CRACKING 
ALLIGATOR CRACKING 
RUTTING 
(Continuous depreuion of wheel paths) 
SHOVING 
(Washboard) 
lj If POT HOLES 
(Pavement breaks•rou&h spota) � 
RAVELLING 
(Dislodging of surface layers) 
i �cCOTCH PATCHING .. � 
� ... �LiJ MIX PATCHING 
;� (Retention or seal aJirep.te) ::l�'EAL CONDITION 
so 8 �;MOULDER_ CONDITION 
I 
• Mark Lert or Rl&ht 1f f•lane HittnJay 
(Runnine south to-north and •eat to eaat) 
Point Value 
None or bcc .. ional (More than 90 ft. apacinJ) . . . . • . . • •  
Minor (60-90 ft. predominantly) • . • • • • • • . . • • • • • •  , • • • • •  
Moderate (20-60 ft. predombantly) • . . • . • . . • • . • . • • • . •  
Severe (20 ft. apacin& and leas) • • • • • • • • • • • • • • •  , , . •  , • , 
None • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • . . . • . • • • • . . . . .  
Occasional Groups . •  , . • • • • • • • • . • • . • • • . • • . . • • . • •  • · • • 
Frequent Groups . . •  , . . • • • • • • • • • • • • • • •  .-• •  ; . •  , , • • . • . •  
, .,. 
Continuoua G.r?upa .. , , , . • • • • • • • • • . • • . • •  : 
.
• • • . . • • . • • . •  
Nonezlatin& . . • • • • • • . •  · • · · • • • · · · · • · · • · · · · • • · • · · • · · • • 
¥-��
t 
!1�·: :  :·:-:·:·: : : :  : : : : : : : : : : : : : : : :  ::·::: : : : : : : : : :  
None . , , , , , ,  , ,  , , , , . • • • • • . . . • • . . • . . • . • . • . • . • . . • . . . .  
Occaaional Spots . .  , . •  � ·  . . . . . • . • • • • • • • . . . • • • • • • • • . . .  
Frequent Spots , , , , , , • • • • • • • • • • • • • • • • • • • . . • . • . . • . . . .  
Extended Len(tha . . . .  .- . • . • • • • . • • • • • • • . • • . . • • • • • • • • .  
None Evident . . .  • • . · · · · • · • • · • • • • • • • • • • : • • • • • • • • · • • • 
Noticeable . .  • • • • · · • · • • · · · · • • · • • • · • • · • · • • • • • • • • · · • • · 
None • • • • • • .  , , ,  . • • • • • • . . • . • • . . • . . . • . . • • • . • • . • • . . • • •  
Occasional Spota • •  , , • • • • • • • • • • . • • • • • • • • • • • • • . . • • . • .  
Ex.teuded Length¥ • • • • • • • . . . • • • • • • • • . .  , • . . • • •  , • . . . • •  
None , ,  . • .  , . ; :" • •  ; , , ,  . . • • . . • • . • • . • • •  ·.•:. ;-.·; . . • . • • . . • •  
Occasional Spots , , • , . • • . • . . • . • • • • • . . • • . • • . .  , • . . . . . •  
Eztended Lenaths . •  , • · • · · • • • · · • · • • • • • • · • • · • • · · · • • • • 
None , . . • . • • . . • . . . . . . . . • • . • . . . • • . • • . . • • • . . . . . • • . . • •  
Minor (up to lf2" depth) . . • • • •  J • • • • • • • • • • • • • • • • • • • • •  
Moderate ( I f  a" to 1" depth) • • . • •  -. . • • . . • . . • • • • • • . . . . .  
Severe (more than 1" depth) , • •  , • •  , • • • • • • • • • • •  , • • • . . •  
None , ,  . . • . • • . • • • • • . . • . • . • . • . . • . . • • . • . . . . . • • . • • • . . •  
Occasional Spots • .  , • • • • • • . • • • . • • . • . . . • . • • • • • • • • • . • •  
Eztended Lengths • . • • • . • • • • • . • . . . . . • •  , . • . • • • • • • • • • •  
None • . • . • . • . . • .  , . . . . . . . . . . . . . . . . . . . . _ . . • . . . • • . . • . . •  
Oc:c:asional Spots" . • • • . . • • . • • . . . . • • • • • . . . • . • • • • • • • . • •  
Extended Lttnl(ths • • • • • • • • • • • . . • . . . . .  , , , . .  , , • , • . • • • •  
None . . • . . • • . . • • . . . . . . . . • . • . • • • • • • . • . . . • . • • . • . • . . . .  
Oc:casiona1 Spots . .  , . . . • • • • • • . • . • • • • • . • . .  , . . • •  , . • . . .  
Eztended Lenrthl: • . •  • • . . . . . • • • . • • • • • .  · • · • • · • • • • • · • · 
None . • . • • • . • . . . . • . . • • . • • • • • • • . . • . • . . . • . . • . • .  , . . . . .  
Occasioral Spots . , • . • • • • • • . • • . . . . • •  , . • • .  , • .  , , , • • . . •  
Extended Lenitbs . . •  • . . • . . • • . . . • • • • • •  • · · · · · • · • • · • • · 
None , , , , ,  . . .  , . .  , , ,  . • . • • • • • . . . . . • . • • • • .  , , ,  • • . • • • • • •  
Oc:c:asional Spots . . . •  , . • • • • • • • • . . • . • •  , • . .  , • • • • • • • . • •  
Eztended Lenrthl: . . • . • . . • • • . • • • • • • • • • • • • • . • . . . •  • . • •  
Good . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Fair , . . • . • • . . • . . • . . • . • . • • . • . . . • .  , . , , , , . • • • . • • • • . . •  
Poor . . • . . • • . • . . . . . . . . . . • . . . . . . • . . . . . • • . . • • • • • • • • •  
Good . • . • • • • • • • • • •  , ,  • • • • • • •  , . • . . . • • • •  , ,  • • • • • • • • • • • •  
Crac:ked . • • • . . . •  , . . . . . . . • . • • . . . • . •  , . . .  , • . •  , , , • • • • •  
Broken-Up (CrumblinJ) • . . . • . . . • . . • . • • . . . • • • •  , • , • • . .  
Grassed Over or NonexiatinJ , , , , • , . •  , . • •  , . • • • •  , , • •  , • 
0 
I 
2 
' 
0 
I 
2 
3 
0 
I 
2 
3 
0 
I 
2 
' 
0 
• 
0 
2 
3 
0 
• 
• 
0 
; .  0 • 
� Q  
� 0  
! O  
0 2 Lane 
0 4 Lane 
0 6 Lane 
0 Shoulders 
STATE IUGHWAY COMMISSION OF KANSAS 
MAINTENANCE DEPARTMENT 
BITUMINOUS SURFACE MAINTENANCE RECORD 
Type of Resurfacina: 
0 Machine Seal 
0 Slurry Seal 
0 Conventional Seal 
Division ----------­
Disbict 
Route 
County 
Proj. No. ----------------
From 
To --------------
PROJECT LENGTH Ml],. 
SURF ACE INFORMATION ORIGINAL STRUCTURAL ADEQUACY ROADWAY DESIGN 
TYPE 
I 
YEAR AADT I sa,. Sane Sane A. A. Asphalt Concrete = 5  A· --- Adequate = 4  A B. I B. P. C. Concrete = 4  Some Distn!SS = 3 B. 
c. I c. I Bue Tx = 3  Map Crackina = 2 c. D. D. I Base Tx-S = 2  Inadequate = 1  D. E. E. No Design Base = I  E. 
4 = Asphaltic Concrete 2 = Sluny Seal 
3 = M!£hine Seal 1 = Conventional 
Score = Type-Surface Age 
TRANSVERSE LONGITUDINAL TEMPORARY TRANSVERSE CRACKS CRACK POURING SIGNING CRACK TYPE CRACKING PASS-DO NOT 
Number per Sco.e s .... Sane y., .. No 100 feet Sco,.. Level = 3 A. -- None = 5  A. -- Full = 15 A, __ A 10= 0 A· --- Sog = 2  B. __ � = 4  B, __ l = 12 B, __ B. 
9 =  I B, ___ Hump = 1  c. __ • = 3  c. __ • = 9 c. __ c. 
8 =  2 C, ___ D, __ l = 2  D. __ � = 8 D. -- D. 
7 =  3 D- --- E. -- Over l = l  E, __ None = 3 E, __ E. 6 =  4 E, ___ 
5 =  8 
4 =  8 
3 = 10 
2 =  12 SURFACE REPAIR SURFACE REPAIR DILUTE SEAL 
l - over 12 COMPLETED REQUIRED 
Scono Sane Score 
WHEEL RUTS None = 8  A. ( ___ )• None = 18 A. Not Needed = .f A. ---' 
Sco.e 
• = 5  B. ( ___ )• • = 15 B. Needed = 0  B, ___ 
• = 4  c. ( ___ )• • = 12 c. C, ___ 0-�'' = 12 A. • = 3  D. ( ___ )• • = 9 D. D- ---)�11-M:'' = 9 B. l = 2  E. ( ___ )• l = 8 E. E. ___ Jf'-111 = 6 c. oVer II = I  .... l = 3 
over 1'1 = 3 D. • Not Used 
E. for Rating 
UNIFORMITY OF SURFACE SKID RESISTANCE I RATING RATE OF TEXTURE & COLOR APPUCATION 
s""" Sco<e Total of Asphalt Awepto 
Excellent = 10 A --- Excellent = 10 A --- s.o. .. 
Good = 8 B, ___ Cood 8 B- --- A Type Type = AJphalt An>'•-F•u = 6 c. ___ Foi< = 6 c. ___ B. 
Poo< = 4 D, ___ Poo< = 4 D, ___ c. Gol./Cu. Yd. Cu. Yd./Mile 
Non-unifozm due = 2 E, ___ Inadequate = 2 E, ___ D. Completion Date 
to patching, etc. E. 
DATE RATED BY COMME!'ITS 
A. 
B. 
c. 
D. 
E. - -- -·- --·- -
S. H.C. FoRM No.326 
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STATE 
Minnesota 
MisNAippi 
Miuollri 
Nob ..... 
.....  
Nrw Jeney 
New Mukto 
New York 
North CaroliRI 
Nurth Dakob 
Ohio 
Oklllhom11 
...... 
Rhode llland 
58 
FORMAL 
RATING 
SYSTEM 
Ya 
No 
No 
Ya 
Ya 
No 
No 
No 
No 
YH 
Yu 
Yu 
No 
No 
Yu 
No 
METHODS OF PAVEMENT COSTS 
EVALUATION CONSIDERED 
A surface deterioration factor is assigned to Resurfacina wst� 
ndl highway section and is U$ed alons with 
subjectlw inspections to determine 
resurfacins priorities. 
A present seO'iceability rating is �Ued to RnurfacinJ and annllll llllinteftlnce �� 
determine nuds for resurfacing. R.ltinJ an uted 
forms ue used for bituminous and concrete 
turfues. 
Visual observulons are the basis for ResurfacinJ oosts 
resurfacing. 
Resurfacing is based on engineering Resurfao;iq C:OIIh 
judgment conlidering rldcability, joint 
detcriorization, spaUing, cracking, patching, 
rutling, ra�ellng, and bleeding. 
Priorities for resurfacing are based on visual Rewfacina costs and maintenance I:Oih 
inspections, maintenance costs, traffic 
cuunts, and sufficiency ratings. 
Rcsurfa�ing projects are chosen based on Maintenance and rnurfatint I:Oih 
skid rnistance, deflection tests, and surface 
condition. Surface condition b taken from 
the aufficiency rating form. 
Each yur districts intpect their roads and ResurfacinJ costs 
submit 1 lilt of roads for resurfacing. Field 
re�iews are then made by central office 
personnel to auign priorities. 
Visual observation is used for selecting Resurfacina I:OSU 
resurfacing priorities. 
A proposed rating system will soon be Resurfacin& coSIS 
implemented to select resurfacing priorities 
which uses skid numbers, accident data, 
maintenance costs, and a pavement 
structural rating. 
District priorities fur resurfacing are chosen R�rfaeina costs 
based on �isual inspection and skid 
resistance data. 
Highway sections are rated based on the Resurfacina costs 
rideability index; prioritin for resurfacing 
are based on this rating and skid resislance. 
Priorities for resurfacing needs arc based on Re�utfadna co,ts 
an evaluation form which is completed by 
division engineers. 
Pavement condition survey. Resurfacing costs 
A pavement evaluation form is used along Resurfaelna costs and maintenrmee costl 
with traffic data and skid resisunce 
measurements to determine resurfacing 
priorities. 
Projccu are sele�ted by divisiun field Reswfacina costs 
engineers and reviewed by the ccntr�l office. 
Visual selection of deficient pavcrnenu is Rnurfaci111 costs 
cuHently used for sclcctiun of resurfacing 
projects. 
A serviceability index and a structural R�rfacina costs 
npacity are used along with skid resist�nce 
and 1 computetited accident an�lysis to 
determine resurf"ing projects. 
The division superintendents forward their Resurf..:ina costs 
rccumrnendations for rnurfacing to the 
maintenance engineer. 
COMPUTER· 
AIDED 
SELECfiON 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
OTHER 
INFORMATION 
Computet dlta blinks ue stored c:ontaininl 
web data 11 volume., accident data, 
detniol'ltioll f�etor. llnd otMr Uta vted to 
compute sufrH:Ieney ratinp. 
Load lfmlt and ADT are a1Jo consiclertd it 
murfacinl PfOinll!l. 
Priority selection of mutfacina pro�ts II 
pbnned for FY 1978. 
Acciodent data are used to wkct 
spot·murfacln& projects. 
A desip life of 20 yean is a bhiJ for 
rnutfaci111. 
Most resurfaeina II done as a temporary 
meBUre before majof impronments are 
......... 
About 60 to 70 pet"Cent of rnurfacina is thin 
pllnt-mix overlay by contract. The rest are 
sand tcail on low ADT roads done by the 
state. 
A new maintenance managemtnt sy�tem II 
beina de�eloped. 
Maintenance funds are allocated to each 
division by system: primary, secondary,and 
wban. See ratinl sheet in Appendix E. 
The fonn uwd for rating pavements is Jiven 
in Appendix E. 
Ser Appendix E for plwement evaluation 
fonn. 
A separate prop-am for ralinl of surface 
condition is uKCI In Orqon for raUna 
pavements based on ADT, ridnbili.ty. 
runing, patehina. and erosion. 
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Figure A6. Pavement with a Rating of 63.4 
LOCATION: District 2, 
Muhlenburg County 
KY 70 
PROJECT NUMBER: 
SECTION LENGTH: 
AADT: 
TRAFFIC SPEED: 
PAVEMENT RATING: 
Milepost 15.4 to 23.8 
Central City-Russellville 
MP 89-63-D 
8.351 miles (13.4 km) 
1 ,200 
55 mph (24.6 m/s) 
63.4 
MAJOR DEFICIENCIES: Patching on 70 to 80 percent 
Base failure on 30 to 40 percent 
Roughness Index of 815 
Skid Number of 25 
DISPOSITION: Resurfaced 
48 
Figure A4. Pavement with a Rating of 47 .1. 
LOCATION: District 7, 
Scott County 
us 25 
PROJECT NUMBER: 
SECTION LENGTH: 
AADT: 
TRAFFIC SPEED: 
PAVEMENT RATING: 
Milepost 9.2 to 16.8 
Georgetown-Williamstown 
MP 105-14-T 
7.600 miles (12.2 km) 
574 
55 mph (24.6 m/s) 
47.1 
MAJOR DEFICIENCIES:Surface raveling on 80 to 90 percent 
Cracked surface on 90 to I 00 percent 
Patching on 30 to 40 percent 
Edge failures on 30 to 40 percent 
DISPOSITION: Resurfaced 
Figure A2. Pavement with a Rating of 31.2. 
LOCATION: District 9, 
Fleming County 
KY 32 
Milepost 14.1 to 2S .0 
Flemingsburg-Morehead 
PROJECT NUMBER: MP 3S-90 H 
SECTION LENGTH: 10.90 miles (17.S krn) 
AADT: 2,400 
TRAFFIC SPEED: SO mph (22.4 m/s) 
PAVEMENT RATING: 31.2 
MAJOR DEFICIENCIES: Out of Section 40 to SO percent 
Patching on 30 to 40 percent 
DISPOSITION: Not Resurfaced 


RECOMMENDATIONS 
Use of economic analysis (dynamic programming 
or benefit-cost ratios) in tbe selection of pavements for 
resurfacing will result in the selection of projects 
yielding the largest benefits per dollar spent. 
Implementation of economic analyses as one of tbe 
management tools . in tbe decision-making process, 
therefore, is recommended. The greatest benefits from 
its use, of course, will result from tbe selection of 
projects on a statewide basis. However, projects may also 
be selected on tbe basis of budget allocations to each 
district even !bough the total benefits might be Jess. 
Inputs for the dynamic programming model would 
be taken from the pavement evaluation form currently 
m use and the number of accidents in tbe previous year 
stored on tbe police accident tapes. Other inputs, such 
as average cost of accidents, etc., may be used as 
suggested in this report and updated later as needed. 
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Comparison of Dynamic Programming with Benefit-Cost 
Method 
Tests were made to compare the choice of projects 
selected for resurfacing by dynamic programming and 
by their benefit-cost ratios alone. First, a comparison 
using one budget for the entire state ($8.6 million) was 
used. As stated earlier, an overall benefit-cost ratio of 
4.52 was obtained using a benefit-cost ·procedure 
(selection of projects based entirely on benefit-cost 
ratios). The results using dynamic programming 
depended on the increment size used in the program. 
The amount of computer storage available becomes a 
problem if a small increment size is used. However, if 
ihe mcrerr!erifsfie!Siarger than some-or llie project . .  
eosts, the efficiency of the program is decreased. 
Increment sizes of $50,000, $25,000, and $10,000 were 
11sed. This compares to an increment size of $1 ,000 
which was used for each individual district budget. For 
the $50,000 increment, a benefit-cost ratio of 4.43 was 
obtained. The benefit-cost ratio increased to 4.50 for 
lhe $25,000 increment size and 4.51 for the $10,000 
increment size. This analysis showed that dynamic 
programming also yielded identical results compared to 
the benefit-cost method when an appropriate increment 
size was used. 
Next, the portion of the statewide budget allocated 
lo the Division of Maintenance ($3.6 million) was used. 
As shown earlier, a benefit-cost ratio of 5.84 was found 
using dynamic programming on a district basis. When 
only one statewide budget was used, the benefit-cost 
procedure yielded an overall benefit-cost ratio of 6.29. 
Again, the results obtained from dynamic programming 
depended on the increment size used. For an increment 
size of $25,000, a benefit-cost ratio of 6. 1 1  was 
obtained. The benefit-cost ratio of the projects selected 
increased to 6.24 for an increment size of $10,000. 
SUMMARY AND CONCLUSIONS 
Dynamic programming is currently in use in 
Kentucky to select safety improvement projects which 
will result in optimal benefits per dollar spent. The 
objective of this study was to develop an economic 
analysis and a dynamic programming procedure that 
would assist • in optimizing · expenditures in the 
maintenance · resurfacing program in Kentucky. 
Procedures were developed to compute benefits and 
costs of proposed projects and to determine which 
highway sections should be resurfaced under a given 
budget. The major fmdings of the study were as follows. 
• · 1 :  I'foiects "s&ctea·b{ ilie ' aTstilcti aria P,aJOcfs; 
selected by the Division of Maintenance for resurfacing; 
in 1976 were evaluated using the dynamic programming· 
model. An additional benefit of over $8.4 million would. 
have resulted from the use of dynamic programming' 
· developed in this study. The benefit-cost ratio of 
sections selected for resurfacing by the present 
procedures was 3.21 compared to 4.22 if dynamic! 
programming had been used. Projects selected by the 
Division of Maintenance had a much higher benefit-cos( 
ratio (4.37) compared to projects selected by the1 
districts (2.38). 
· · 
2. Projects selected on a statewide basis by dynamic 
programming or their benefit-cost ratio in 1976 would 
have resulted in a higher benefit-cost ratio ( 4.52) as 
compared to selections based on budget allocations to 
the districts (4.22). Selection of projects on a statewide 
basis and using the total deficiency rating of pavements 
would have yielded a lower benefit-cost ratio (3.29). 
However, a high degree of correlation was found 
between the total deficiency rating and benefit-cost ratiQ 
of the projects. 
3. The economic analysis showed a very similar 
choice of projects wnen dynamic programming was used 
compared to selecting projects based solely on their 
benefit-cost ratio. 
4. A computer program was written to select arl 
optimal list of projects for resurfacing based oq 
Comparisons of the projects selected for each 
district by dynamic programming or benefit-cost ratios 
gave different results. When equal budgets were used, 
the projects selected by dynamic programming were a 
better choice. For example, in District I, the projects 
Selected by..A)11la�programming .had a lleneflol-cost 
ratio of 3.66 compared to 3.63 for the benefit-cost 
proCedure. However, in some instances, selection of 
projects based entirely on their benefit-cost ratio did 
not allow for use of the entire budget because spending 
the entire budget would have meant that a project with 
one of the higher benefit-cost ratios may not have been 
selected. In those cases, projects selected by the 
benefit-cost procedure have a higher benefit-cost ratio 
compared to dynamic programming. 
-.ooad.iose>-. Jla�.-in .accidents, . travel- time.,--comfori, 
maintenance costs, and fuel. Costs included in the model 
were resurfacing costs. Details of the computer program 
and its input and output were presented along with 
coding instructions. 
A summary of results from the various economic 
analysis is given in Table IS. 
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TABLE 12. COMPARISON OF PROJECT SELECTION BETWEEN PRESENT PROCEDURES AND 
DYNAMIC PROGRAMMING (TOTAL BUDGET ALLOCATED BY DISTRJCT) 
PRESENT PROCEDURES• DVNA.MJC PROGRAMMING PERCENT DIFFERENCE 
DISTRJCf com BENEFITS B/C MILEAGE com BENEFITS B/C MJLEACE com BENEFITS B/C MIUAGE 
I s 766,300 s 2.153,200 1.94 30.0 s 765,700 s 2,800,500 3.66 34.4 .0.1 14.3 14.5 I U  
1 647,400 1,298,100 1.1111 22.1 644,500 2,127,800 3.30 18.8 �.4 63.9 65.0 -17.2 
3 741,800 2,165,300 3.05 3>1 714,500 1,3!7,500 3.25 34.1 ... 4.1 6.5 ..  
4 585,300 1,016,700 1.74 14.3 ....... 1,33Z,IOO ,, 14.1 0.7 31.0 3U 1.1 
' 676,)00 1,<461,900 3.64 30.6 676,500 1,707,200 .... 27.6 0.01 9.9 9.9 -9.8 
6 688,500 1,745,500 2.53 30.1 685,800 1,052,400 >99 30.1 �.4 17.6 18.1 �.3 
7 891,800 2,310.200 1.59 39.2 ... , .. 4,1)85,600 4.62 38.6 �.9 76.8 78.4 -1.5 
I 813,800 1,51-UOO 1.16 29.5 813,900 1,331,500 1.16 19.6 0.01 54.0 53.7 �.3 
9 713,700 1,903,100 2.67 30.4 711,700 1,168,500 l.OS 31.5 ..., 13.9 14.2 3.6 
10 4-41,800 ....... 1.16 17.7 419,600 1.287,700 3.1111 17.1 -3.0 lll 3>7 ... 
II 803,900 4,142,700 5.15 33.3 793,300 5,059,100 .,. 31.1 -1.3 21.1 "·' �.3 
" 851,000 5,755,800 6.76 35.7 833,200 7,766,300 9.32 41.7 ·2.1 34.9 37.9 34.4 
To .. 8,621,700 27,666,800 J.:u 356.4 8,543,700 36,076,200 4.21 :J67.4 ...  30.4 31.5 3.1 
•Procedures employed by tbe dilllti'EII mel the Divilllioa ol tollint=.ee 
TABLE 
DISTlUCT 
I 
1 
3 
4 
• 
6 
7 
I 
• 
10 
II 
" 
To"' 
13. COMPARISON OF PROJECT SELECTION BETWEEN PRESENT PROCEDURES ANli 
DYNAMIC PROGRAMMING (PORTION OF BUDGET 
DISTRICT OFFICE) 
PRESENT PROCEDURES DYNAMIC PROGRAMMING 
com BENEFlTS B/C MIU:AGE com BENEFlTS B/C 
s 430,3110 s 905,100 1.10 17.4 s 427,800 s 1,811,900 4.16 
519,600 1,166,500 >10 17.7 513,900 1,718,100 3.30 
559,900 1,489,700 1.66 "·' 558,500 1,816,500 3.17 
460,300 718,000 1.56 19.3 455,700 1,147,300 >51 
491,300 1,749,700 3.56 m 491,100 1,014,800 4.14 
411,400 789,500 1.91 18.7 409,900 1,500.500 3.66 
516,300 9-49,500 1.14 11.8 508,600 3,157.200 6.21 
476,600 1,153,000 U3 16.3 473,300 1,619,800 3.44 
417,300 969,700 >17 18.1 420,800 1,418,600 3.39 
171,800 491,000 1.81 ID.II 271,600 794,700 2.93 
115,700 931,000 4.31 6.9 197,.384 1,067,300 5.41 
l-49,600 591,.300 1.37 1.1 "'·"' 3,703,200 15.79 
5,040,100 11,007,000 1.311 104.4 4,973,100 21,839,900 4.39 
. . 
ALLOCATED BY EACH 
PERCENT DIFFERENCE 
MILEAGE com BENEFlTS B/C MILEAGE 
17.3 �.6 101.3 102.8 �.6 
15.1 -1.1 41.1 50.0 -14.1 
"·' �.1 11.6 11.9 Jll.l 
18.7 -1.0 59.8 61.5 -3.1 
19.1 .... 16.3 163 ·13.5 
17.9 �·· 90.1 90.6 �.3 
13.3 -1.5 131.5 237.5 " 
16.9 �.7 30.1 30.1 3.7 
10.1 ·1.5 47.3 49.3 11.0 
10.7 �.1 61.5 61.9 ·1.8 
1.1 � .. 14.5 ,.., 111.8 
11.8 6.0 515.1 566.1 115.8 
117.9 -1.3 111.9 14.4 6.6 
TABLE 14. COMPARISON OF PROJECT SELECTION BETWEEN PRESENT PROCEDURES AND DYNAMIC 
PROGRAMMING (PORTION OF BUDGET ALLOCATED BY DMSION OF MAINTENANCE BY 
DISTRICT) 
PRESENT PROCEDURES DYNAMIC PROGRAMMING PERCENT CHANGE 
DISTRJCT COSTS BENEFITS B/C MILEAGE COSTS BENEFITS B/C MILEAGE COSTS BENEFITS 8/C MILEAGE 
I s 335,!100 1,348,000 4.01 13.4 s 336,000 s 1,348,000 4.01 13.4 ·" 0 0 0 
2 117,800 131,700 1.12 5.0 1 13,900 490,800 4.31 3.6 ... 272.7 2 .... -21.0 
3 181,800 775,600 4.27 8.2• 181,800 175,600 4.27 7.7 0 0 0 �.5 
4 125,000 298,700 2.39 ••  12!,000 298,700 2.39 5.0 0 0 0 0 
5 185,000 713,200 3.85 ••  161,200 758,000 4.70 4.3 ·12.9 4.3 22.1 .... 1 
6 217,100 956,000 3.45 1 1.4 277,600 1,111,000 4.1111 10.3 0.2 16.2 IS.9 -9.6 
7 376.500 1,360,700 3.61 ... 364,500 2,465,500 6 76 17.3 -3.2 81.2 87.2 5.5 
8 337,200 261.300 0.77 13.2 337,100 1,013,000 3.18 13.5 •.03 310.6 313.0 2.3 
9 286,400 933,400 3.26 12.2 178,000 1,070,100 3.85 1 1.3 -2.9 14.6 18.1 -7.4 
10 170,000 507,600 2.99 6.8 170,000 507,600 2.99 6.8 0 0 0 0 
I I  588,200 3,2Ul,700 5.46 26.4 584,200 3,982,700 6.82 15.2 �.7 24.0 24.9 .... 
12 601,300 5,162,900 8.58 25.6 598.500 6,736,100 1 1.26 38.3 .0.5 JO.S :JI.l 49.6 
Tow 3,582,400 15,659,800 4.37 152.0 3,527,800 20,617,300 5.84 156.7 -1.5 31.6 33.6 3.1 
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Output 
A listing of benefits and costs and the benefit-cost 
ratios for each highway section are in the first part of 
the program output. An example of the benefit-cost 
analysis data made available for each highway section 
is shown in Figure 18. A statewide listing of highway 
sections ordered by benefit-cost ratio is also contained 
in the program output. All benefits and costs and 
cumulative benefits and costs are cited there. This listing 
could be used to detennine project priorities based 
entirely on the benefit-cost ratios. The fmal section of 
the program output contains listings of projects selected 
for each district based on allotment of funds for 
resurfacing in that district. The total costs and benefits 
and the benefit-cost ratios for the selected projects are 
also cited. A sample listing for District I is shown in 
Figure 19. All projects considered are listed, but only 
the costs and benefits of projects selected for resurfacing 
are shown. 
APPUCATION OF DYNAMIC PROGRAMMING 
Dynamic programming was applied to the 197() 
resurfacing program. Benefits and costs associated with 
each project recommended for resurfacing by the 
districts were determined. A sample printout showing 
benefits and costs for a single project is presented in 
Figure 18. The benefits include about $66,000 for fuel 
savings, $53,000 for comfort, $16,000 in accident 
reduction, and $3,000 in maintenance savings. The 
benefit-cost ratio was 2. 70. Similar printouts were 
prepared for every project considered for resurfacing. 
The dynamic programming was applied to each of 
the 12 districts to detennine priorities for resurfacing. 
The decision, governed by the districts' budget, was 
either to resurface (code I) or not to resurface (code 
0) the section. For sections selected for resurfacing in 
District I, the benefits and costs are cited in Figure !9. 
Seven projects were chosen out of the 21 considered. 
Under the budget of $767,000, the total cost of the 
eight projects was $765,725 and resulted in a benefit 
of $2,800,491. The benefit-cost ratio was 3.66. 
PRESENT PROCEDURES COMPARED TO 
DYNAMIC PROGRAMMING 
A computer printout was also obtained that lists 
all 233 projects according to the benefit-cost r�io 
(Table J!) (APPENDIX J). The highest ratio was 20.10 
and the lowest was 0.18. Information in Table J1 
includes the location identification number (I to 233), 
section length, project benefits, project cost, cumulation 
benefits, cumulative cost, cumulative benefit-cost ratio, 
and cumulative length. There were 156 miles (251 km) 
of road with benefit-cost ratios in excess of 4.0, and 
776 miles (1 ,249 km) of the 944.9 miles (1,520 km) 
of road being considered had benefit�cost ratios above 
1.0. Cumulative costs for the 233 projects were $22.5 
million, and cumulative benefits were over $58 million. 
This corresponds to an overall benefit-cost ratio of 2.58. 
COUNTY I l l  ROUTE 68 BEGINNING M I L EPOST 3 . 7  ENDING M ILEPOST 6 .3 
BENE F I T S  COST� 
ACCIDENTS 16344. RESURFAC lNG COSTS 5 1 2 5 1  
COMFORT 5 JloS . 
FUEL 6588Z . 
T I M E  o .  
M A I NTENANCE 
SAVINGS 3049 . 
TOTAL 1 3 8440. BENEFIT COST R A T I O  
Figure 18. Example or Beoofit and Cost Calculations for a Resurfacing Project. 
TABLE 1 1. YEARS OF WET-PAVEMENT 
ACCIDENT REDUcnON 
AFTER RESURFACING 
YEARS OF WET-PAVEMENT 
AADT ACCIDENT REDUcnON 
400 and below 
401 to 1,000 
1,001 to 4,000 
4,001 to 8,000 
Above 8,000 
5 
s 
5 
4 
3 
The general equation used for computing 
present-worth benefits was 
where 
20 
B = ww 
B = ww 
c = a 
PWF =  
" 
(A,) (An) (C0) (PWF) 
present-worth benefits from 
reduction in wet-pavement 
accidents due to resurfacing, 
percent reduction corresponding to 
a particular Skid Number (Figure 
16), 
cost of each accident ($4,055), and 
present-worth factor. 
NUMBER OF ACCIDENTS 
PER YEAR 
>O 
SKID NUMBER 
4 0  
To illustrate the magnitude of benefits from reductions 
of wet-weather accidents, a nomograph was constructed 
as shown in Figure 17. For example, if the SN on a 
pavement is 32 and there were I 0 accidents per year 
before resurfacing (AADT of 2,000), the total benefits 
due to resurfacing would be about $13,000. 
The accidents which may be reduced due to 
resurfacing consist primarily of road-defect and 
wet-pavement accidents. The procedure given here 
involves separate calculation of each component of 
accident benefits. After both benefit values are found, 
they are to be added to . yield total present-worth 
accident savings. 
Other Benefits 
In addition to benefits from accident reduction, 
improved comfort, time savings, and fuel savings, there 
are other benefits associated with resurfacing of a 
highway, Examples of other such benefits include 
savings in vehicle maintenance costs, reduction in 
highway noise, and reductions in vehicle-related air 
pollution. These benefits are very difficult to quantify 
in terms of monetary benefits and thus were not 
included in the dynamic programming model. 
2000 
TOTAL BENEFITS (DOLLARS) 
4000 6000 eo�&ooo 20,000 40,00�o.ooCoP?J'oooo 2ooooo 
32 
.t"igure 17. Nomograph for Computing Wet-Pavement Accident Benefits dne to 
Resurfacing. 
The reduction in road-defect accidents was 
expected to be the greatest after resurfacing and 
gradually diminish over the life of the overlay. The 
following general equation was used for computing 
present-worth benefits: 
where 
[NA /2 - (1/2) (A2 · A1) (N 
NA1JNA2)] (Ca) (An) (PWF)/N 
Brd = present-worth benefits from reduction in road-defect accidents 
due to resurfacing, 
An = annual number of accidents on the 
c. = 
PWF = 
N = 
section, 
maximum percent reduction in 
accidents = .JS percent, 
percent reduction corresponding to 
a particular deficiency rating (from 
Figure 14), 
cost of each accident ($4,0SS), 
present-worth factor, and 
life of new overlay (years). 
The cost per accident was calculated using the 
distribution of accident severities from police-reported 
accidents in Kentucky (1977). National Safety Council 
information on costs for each type of accident was 
applied to compute average cost per accident. Since 
virtually all proposed resurfacing sections are in rural 
areas (about 9S percent), only rural accidents.were used 
to arrive at the costs of a representative accident. The 
National Safety Council costs for 1976 were $ 125,000 
per death, $4,700 per injury, and $670 per property 
damage accident (23). In 1977, there were 748 deaths, 
26,416 injuries, and 43,793 property damage accidents 
in Kentucky's rural areas. The average cost per accident 
was computed to be $4,0SS (Ca in the equation). To 
illustrate the benefits which will result in accident 
reduction due_to reduced road defects, a nomogoll).b, was 
constructed as shown in Figure IS .  For a deficiency ' rating of 30 on a section with 10  accidents per year 
and an overlay life of 10 years, the total benefits would 
be about $17,000. 
TOTAL BENEFIT (DOLLARS) 
1000 2000 4 000 6000 10,000 20.000 
t O  20 40 
PERCENT DEFICIENCY RATING 
Figure IS. 
30 
Nomograph for Computing Road-Defect Accident Benefits due to 
Resurfacing. 
Figwe 13. Nomograph for Computing Maintenance Benefits due to Resurfacing. 
SECTION LEPIIGTH 
hiiLES l<m 
20 32.18 
5 0  
1000 20 00 !000 �00 6000 
S£RVICE 
LIFE !Nl 
(YEARS) 
20 
2000 JOOO otooo &OOO eooo •o.ooo zo.ooo so,ooo 40,ooo &opoo 
TOTAL BENEFITS (DOLLARS) 
TABLE 10. TOTAL MAINTENANCE SAVINGS FOR VARIOUS DEFICIENCY POINTS AND 
SERVICE LIVES (PER MILE (1.6 km) OF ffiGHWAY) 
AVERAGE 
ANNUAL 
PERCENT REDUCTION SERVICE UFE (YEARS) 
DEFICIENCY IN MAINTENANCE 
POINTS COSTS PER MILE s 10 IS 20 
10 0 0 0 0 0 
20 $162 $ 641 $1,087 $1,291 $1,587 
30 291 I,IS2 l ,9S2 2,500 2,851 
40 378 1,496 2,536 3,246 3,702 
so 432 1,710 2,899 3,71 1 4,233 
60 450 1,782 3,020 3,866 5,644 
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TABLE 9. POINTS USED FOR COMPUTING MAINTENANCE BENEFITS 
DENSITY SEVERITY 
INTER· EXTEN· MODER- TOTAL POINTS 
Cracking 
Base Failures 
Raveling (Spalling) 
Edge Failures 
Out of Section 
Patching 
Appearance 
Rutting 
NIL 
0 
0 
0 
0 
0 
0 
FEW 
4 
2 
2 
I 
I 
3 
MEDIATE 
9 
4 
4 
3 
3 
6 
VERY 
GOOD FAIR POOR POOR 
Appearance 0 
RUTTING DEPTH 
1/4 inch or less 
3/8 inch 
1/2 inch 
S/8 inch 
3/4 inch 
7/8 inch 
2 4 6 
POINTS 
0 
4 
9 
13  
19  
26 
Using the rating of deficiency points for pavements 
considered in the 1976 resurfacing program, all 
pavements were found to have ratings between 10 and 
60. A plot was made of annual maintenance costs versus 
deficiency points as shown in Figure 12. Maintenance 
costs range from 0 to $900 per year for deficiency 
ratings of I 0 to 60. Based on this curve and Figure 3, 
the formula for present-worth benefits was determined 
as follows: 
SIVE SUGHT ATE SEVERE 
14 2 4 6 
6 2 4 6 
6 2 4 6 
4 I 3 4 
4 I 2 3 
9 
POSSIBLE 
20 
12 
12 
8 
7 
• 9  
6 
26 
F m = factor for converting to 
Thus, 
present-worth benefits, 
= (PWF)Ls, and 
PWF = present-worth factor, and 
Ls = section length (miles). 
the fmal equation for Bm becomes 
B = m [M2N/2 - (1/2) (M2 - M1) (N · 
N(M1tM2))] (PWF) (Ls)/N. 
Bm = M2N/2 - (1/2) (M2 · M1) (N - . To illustrate various values of Bm, a nomograph 
N(M1/M2)) F m/N was constructed as shown in Figure 13. Following the 
example shown on the nomograph, the total benefits 
where Bm = present-worth benefits from can be found. Enter the appropriate deficiency points, 
maintenance savings due to which is 35 in this case. Proceed vertically until striking 
resurfacing a highway section, the curve for the appropriate section length (3 miles 
M2 
= maximum annual maintenance cost ( 4.83 km)). Move horizontally to the right to the service 
per mile (1.6 km) before resurfacing life of the overlay (10 years) and then down to total 
($900), benefits, which are about $6,800 in this example. Other 
• Ml = annual maintenace cost per mile examples of various benefits are given in Table I 0 for 
(1.6 km) based on deficiency rating the combinations of service lives and deficiency points. 
(Figure 12), 
N = service life of overlay (years), 
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TABLE 8. VALUES OF FUEL SAVINGS FOR VARIOUS AADT 
AND ROUGHNESS INDEX VALUES 
AVERAGE 
ANNUAL PRESENT-WORTH FI.JEL SAVINGS (DOLLARS) 
REDUCTION 
ROUGHNESS IN FUEL COST AADT = AADT = AADT = AADT = AADT = AADT = 
INDEX (PERCENT) 100 500 1,000 2,000 5,000 10,000 
300 0 0 0 0 0 0 0 
400 3.1 4 1 1  2,056 4,112 8,224 20,562 41,125 
500 5.8 769 3,847 7,694 15,388 38,471 76,943 
600 8.0 1,061 5,306 10,613 21,226 53,064 106,128 
700 9.7 1,287 6,434 12,868 25,736 64,340 128,680 
800 10.8 1 ,433 7,164 14,327 28,634 71,636 143,273 
900 1 1.4 1,512 7,562 15,123 30,246 75,616 151 ,232 
•costs are for 10-year service life on a !·mile (1.6-km) section 
A nomograph was constructed to quickly and easily 
fmd values of fuel savings which will result from 
resurfacing (Figure I I). To use the nomograph, consider 
a !-mile (1 .6-km) section with an AADT of 2,000, a 
RI of 700, and a 10-year life of overlay. Enter on the 
AADT axis at 2,000 and proceed vertically to the 700 
line of RI. Go right to the !-mile (1 .6-km) length and 
down to the I 0-year life line. Read the total benefits 
to the right of the graph, which is around $26,000. The 
calculated total benefits for these conditions were 
$25,736 as shown in Table 8. 
Annual Maintenance Savings 
Comparisons of maintenance costs were made for 
highway sections before and after resurfacing. A 
relationship between pavement age and maintenanco 
cost per lane-mile Qane·kilometer) per year for 
bituminous pavements in Kentucky was given in a 1974 
research report (16). Annual costs per lane-mile 
increased to about $500 during the 15th and 1 6th years 
and then diminished sharply: obviously, resurfacing · 
began to supplant regular maintenance at that time. 
Costs from that analysis were obtained from !3-year 
average costs per lane-mile (lane-kilometer) per year, 
excluding interstate and parkway systems. For this 
24 
analysis, only ordinary maintenance costs were 
considered. Physical improvements such as extensive 
overlaying are not considered to be ordinary 
maintenance. Here, annual costs were inflated to 1976 
dollars using the cost index for highway maintenance 
and operation as given by the Federal Highway 
Administration (22). The peak, armual cost after IS 
years was found to be $900 per lane-mile ($560 per 
lane-kilometer) based on 1976 costs. This cost 
corresponds to a highway section in very poor physical 
conditior. which requires considerable maintenance each 
year. 
The determining factors which were used for 
estimating maintenance costs were the subjective rating 
of pavement condition and rutting as shown in Part II 
of the rating form (Figure 1). The point values, however, 
were converted to a percentage of the elements 
considered and then expressed as whole numbers with 
a designation of points. These include surface cracking, 
base failures, raveling (spalling), edge failures, 
out-of-section, patching, appearance, and rutting (see 
Table 9). The point total (100 maximum) was defined 
as deficiency points, where the highest point score 
means the worst condition. Defmitions of these terms 
are given in APPENDIX F. 
Figure 9. Nomograph for Computing Total Time-Saving Benefits due to 
Resurfacing. 
2000 4000 . ro,ooo 20.000 4o,ooo 
.2 . 4 !.0 2.0 4.0 TIME SAVINGS {MINUTES} 
Fuel Savings 
Resurfa,ing a pavement affects fuel consumption . 
in two ways. Consider a pavement which is very rough 
and on which vehicles are forced to travel at a reduced 
speed: resurfacing this pavement will result in an 
increase in vehicle speeds and a corresponding increase · 
in gasoline consumption of as much as 13 percent due. 
to the increase in speed (21). However, rough pavements 
cause vehicles to bounce; and it takes energy to induce 
vehicle motion. Therefore, more fuel is required to 
maintain speed on a rough pavement than on a smooth 
pavement. A rough pavement may require the driver to 
brake to avoid very rough spots. Thereafter, the driver 
must accelerate to the desired speed of travel. This 
added acceleration increases fuel consumption. 
Assuming a traffic mixture of 80 percent cars, 10 
percent pickups or vans, and I 0 percent large trucks 
(six tires or larger), the adjustment for increased fuel 
consumption may be 36 percent at 45 mph (20.1 m/s) 
on a level road (2Jj. The net effect of resurfacing may 
be a 23-percent reduction in fuel consumption after 
adjustment for extra fuel (13  percent) needed to 
maintain up to a 10-mph (4.5-m/s) higher speed on the 
road after resurfacing. This maximum of a 23-percent 
reduction in fuel usage was used for resurfacing a 
pavement in very poor condition (rough). 
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The relationship between Roughness Index and 
reduction in fuel costs is shown in Figure 10. As 
roughness increases from 3 17 to 950 (bituminous 
pavements), the percent reduction in fuel costs increases 
lineraly from 0 to 23 due to resurfacing. By applying 
the equation for converting to present-worth benefits 
from fuel savings due. to resurfacing, the equation is 
where 
= 
= 
N = 
PWF = .  
1\ADT = 
= 
present-worth benefits from fuel 
savings due to resurfacing a 
highway, 
the maximum percent reduction in 
fuel costs (23 percent) due to 
resurfacing, 
the percent reduction in fuel costs 
based on the roughness index before 
resurfacing (Figure I 0), 
service life of the overlay (years), 
present-worth factor, 
average annual daily traffic of the 
· highway section, and 
section length (miles). 
TABLE 7. SPEED INCREASES DUE TO RESURFACING 
SPEED INCREASES 
ROUGHNESS INDEX 
SPEED LIMIT 700 to 850 
(mph) (m/s) (mph) (m/s) 
25 or 30 1 1  or 13 0 0 
35 or40 16 or 18 0 0 
45 or SO 20 or22 2 0.9 
55 25 4 1.8 
Vehicle speeds were assumed not to be affected on roads 
with a RI below 700. Rizenbergs, et a!., have shown 
that the RI on many roads remains below 700 for the 
life of the pavement and that the average RI was 430 
just after resurfacing and increased linearly to only 510  
after nearly 9 years in service ( 12). While the RI of 
some roads may never exceed 700 due to timely 
resurfacing, other sections may be resurfaced only once 
every 20 years or longer. Roads which exhibited a RI 
below 700 before resurfacing will not show time·saving 
benefit as calculated by the formula, since T b would 
equal Ta. Using the present·worth factor (PWF), the 
�esent·worth benefit from time savings <Br) was found 
to be 
Bt = PWF (1777.55) (Tb · Ta) (AADT). 
The present·worth benefit from time savings due 
to resurfacing can be quite significant. For illustration, 
a graphical procedure was developed to easily determine 
the approximate present·worth benefits of time savings 
which will result due to resurfacing. The vehicle speed 
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851 to950 over 950 
(mph) (m/s) (mph) (m/s) 
0 0 2 0.9 
2 0.9 4 1.8 
4 1 .8 6 2.7 
6 2.7 8 3.6 
after resurfacing is assumed to be equal to the speed 
limit. The difference in vehicle speeds is given in Table 
7 as a function of speed limit and Roughness Index. 
Subtracting this value from the speed limit gives vehicle 
speed before resurfacing. The difference in travel time 
before and after resurfacing can be found in Figure 8. 
The vehicle speed is found on the x-axis. Then proceed 
to the appropriate section length, and the travel time 
(minutes) is read on the y·axis. 
For example, consider a 5·mile (8.l·kilometer) 
section of highway having a RI of 900, an AADT of 
500, and a speed limit of 45 mph (20.1 m/s). Using 
Table 7, resurfacing would result in a 4-mph (1.8·m/s) 
increase in vehicle speed. The "before" speed would be 
41 mph (18.3 m/s), and the speed after resurfacing 
would be 45 mph (20.1 m/s). Using Figure 8 with these 
two speeds, the travel times would be 7.3 and 6.6 
minutes for a 0.7-minute difference. Using the 
nomograph in Figure 9, the total benefit would be about 
$82,000 over a 12·year life. 
To graphically determine the relationship between 
AADT, Roughness Index, section length, and comfort 
benefits, a nomograph was prepared (Figure 7). The 
nomograph gives approximate values which will vary 
slightly from calculated values. To use the nomograph, 
the existing AADT on the highway section is entered, 
and a vertical line is drawn to the appropriate R1 value. 
Proceed to the right to the section length, and then 
down to the corresponding service life. Then read the 
total benefits at the right or left side of the page. Section 
lengths of 0.1 to 10 miles (0. 1 6  to 16.1 km) are given. 
Service lives of I to 20 years are also shown. This 
relationship was included in the dynamic programming 
model for calculation of comfort benefits. For example, 
consider a l·mile (1 .6-kilometer) section of highway 
with an AADT of I ,500 and a RI of 500. The data 
in Table 2 give an estimated service life of 1 6  years. 
Starting with an AADT on the X·axis, proceed vertically 
until the line representing a Roughness Index of 500 
is reached. Then proceed horizontally to the right to 
the line representing a section length of I mile ( 1.6 km}. 
Then draw a line down to a point approximating 16 
years. This point has to be interpolated between the 
lines representing 1 5  and 20 years. Interpolation will 
be necessary in many instances and can cause small 
errors. Finally, proceed to the right from this point and 
read the present worth of the comfort benefits. In this 
instance, a value of $ 12,000 was determined. This value 
compares well with a computed value of $ 1 2,214. 
lime Savings 
Estimates of time savings by road users were 
determined on the basis of roughness of the pavement. 
Data used to develop this information were based partly 
on information given in a 1972 report by McFarland 
where vehicle speeds were associated with the Pavement 
Serviceability Index (PSI) (19 ). To further verify the 
effect of pavement roughness on vehicle speeds, vehicle 
speeds were observed before and after resurfacing a very 
rough section of Armstrong Mill Road in Fayette 
County, Kentucky. Average speed after resurfacing was 
found to increase by about 8 mph ( 4 m/s}. The 
pavement condition on the test section was assumed to 
be about as poor as will normally be encountered on 
a state-maintained road. The 8-mph ( 4-m/s) difference 
was used to determine the expected speed increases after 
resurfacing roads with Roughness Indices above 700·as 
shown in Table 7. No speed increases are shown for 
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a RI below 700. The maximum increase of 8 mph (3.6 
m/s) occurs for speeds above 50 mph (22.4 m/s} and 
RI's above 950. 
After determining the approximate speed increases 
expected after resurfacing a rough road, the formula for 
time savings for each vehicle was determined as follows: 
st 
= Tb . Ta 
where st 
= time savings (in hours}, 
Tb = travel time before resurfacing (in 
hours), and 
Ta 
= travel time after resurfacing (in 
hours). 
Travel times are calculated from 
and 
where L = section length in miles, 
Sb = vehicle speed before resurfacing 
(mph}, 
Sa = vehicle speed after resurfacing 
(mph} (assumed to be the posted 
speed limit), and 
sd = difference ill "speed. due to 
resurfacing (mph} (as given in Table 
7) . .  
The value of time was selecte� on the basis of a 1978 
study by Agent (20). In that study, delay costs were 
found to be $5.54 per vehicle-hour. 
The annual time savings after resurfacing a rough 
highway was computed based on the section length, 
traffic volume, cost per vehicle-hour, and time savings 
per vehicle. The formula for annual benefits due to time 
savings (B) is 
or 
B = (Tb · Ta) hr (AADT veh/da} (365 
da/yr) ($5.54/veh·hr) 
B = 1777.55 (Tb · Ta} (AADT} 
Figure S. 
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Relationship between Comfort Cost per Vehicle-Mile and Roughness 
Index. 
Figure 4. Questionnaire Used to Determine the Value of Increased Driving Comfort 
due to Resurfacing. 
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QUESTIONNAIRE 
You are driving your car on a weekday on a two-lane, rural road and are faced with aeciding 
between two routes. The two roads are virtually the same geometrically and take about the same time 
to travel. Both roads end at your destination. 
One road has recently been resurfaced and has a smooth surface. The other road is in great need 
of resurfacing and is bumpy and cracked and has a considerable number of patched spots. 
Given the choice of the two roads, how much would you be willing to pay to travel the new 
surface instead of the poor one if the trip length is; 
LENGTH AMOUNT 
mile 
5 miles 
10 miles 
SO miles 
100 miles 
300 miles 
Do you know of any sections of highway which you think should be resurfaced?_ If yes, please 
list these sections: 
What is the condition of pavements on public highways which you normally drive (check 
one):_ excellent,_ very good,_good,_fair,_poor. 
Other comments:
-----------------------------
BENEFITS FROM RESURFACING 
Increased Comfort 
The value of comfort (or ride quality) to the road 
user has not been determined. In 1960, estimates of 
value for comfort were assumed by AASHO based on 
freedom of vehicle operation as follows (1 7}: 
Free type of operation .... 0 cent per vehicle-mile 
( 1 .6 vehicle·km), 
Normal type of operation .... 0.5 cent per 
vehicle-mile (1.6 vehicle-km), and 
Restricted type of operation .... 1 .0 cent per 
vehicle· mile ( 1 .6 vehicle-ian). 
These unit costs are for operation of passenger cars in 
rural areas and for continuous movement on tangent or 
nearly tangent highways. 
The benefit of any highway improvement involving 
the comfort of a motorist may be approximated by 
observing the willingness of the motorist to pay for such 
benefits. One example of a superior highway facility 
may be the use of Kentucky's toll roads {parkways). 
There are l O  toll roads {672 miles ( 1 ,082 km)) listed 
in Table 3. Average toll per mile (1.6 km) (cars only) 
ranges from 1.5 cents on the Kentucky Turnpike (now 
I 65 segment) .to 2.4 cents on the Daniel Boone 
Parkway. The average cost for all toll roads is 2.0 cents 
per mile {1 .3 cents per km) (18}. The benefits to the 
motorist are greater on toll facilities when compared to 
the benefits from resurfacing of other highway section. 
A parkway offers not only a good riding pavement but 
also full access control, good alignment, improved 
safety, and reduced travel time. A reasonable benefit 
from a newly resurfaced road may be about half of that 
of toll roads, or around I cent per vehicle·mile (0.6 cent 
per vehicle-kilometer). 
TABLE 3. TOLLS ON KENTUCKY PARKWAYS 
LENGTH COST PER 
AUTO TOLL MILE {1 .6 km) 
TOLL ROAD MILES km (DOLLARS) (CENTS) 
Audubon Parkway 23 37 .so 2.2 
Blue Grass Parkway 71 114 1.30 1.8 
Cumberland Parkway 92 148 2.00 2.2 
Daniel Boone Parkway 58 93 1 .40 2.4 
Green River Parkway 73 1 18  1 .60 2.2 
Kentucky Turnpike 38 61 .60 1.5 
Mountain Parkway 76 122 1.60 2.1 
Pennyrile Parkway 57 92 1 .00 1.8 
Purchase Parkway 51 82 .90 1.7 
Western Kentucky Parkway 133 214 2.20 1.6 
Totals 672 1,082 13.10 2.0 
(average) 
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To answer these questions, two different types of 
assumptions were made to apply to the various types 
of road-user costs. The first is illustrated in Figure 2. 
Road-user costs are high at c2 after a pavement ages 
after time T 1 . At time T 2, the pavement is resurfaced, 
and the road-user costs immediately drop to a level of 
c1 . This reduction holds until a time of T 3, where 
road-user costs will either increase gradually or sharply. 
The second assumption applies to other types of 
road-user costs which increase gradually after resurfacing 
until they reach a maximum level as shown in Figure 
3. Point A represents the time shortly after a new 
pavement overlay. If no improvements are made to the 
surface, its condition will gradually worsen until it 
reaches Point D. At this point, thy pavement will not 
get much worse in tenns of road�user costs; a road can 
only get so slick and rough and still be used. The 
road-user costs would then stay relatively constant at 
c2 until it reaches Point E in time. If the pavement 
is resurfaced at Point B (road-user cost = C 1), the 
road-user costs would immediately drop to Point G, 
which might be equated to 0 cost. The life of the new 
overlay will then be {T 2 · T 1 ) or N. The road-user costs 
are then assumed to increase linearly over its life until 
they reach the peak value at Point E. Another pavement 
overlay at Point E would start the cycle once again. 
If no improvements were made at Point B, the 
road-user cost between times T 1 and T 2 could be 
represented by the area under the boundaries of 
BDEFG. This area gives the total road-user cost for a 
time of N. If the pavement is overlayed at time T 1 , 
the savings in road-user costs is the shaded area 
represented by BDEG. By determining this area, the 
road-user savings or benefits can be found for the 
overlay life, N. 
The equation derived represents area BDEG. This 
area can be found by computing the area of the large 
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rectangle (GHEF) and subtracting triangles No. I (GEF) 
and No. 2 (BHD). The area of GHEF is (N) (C2) The 
area of triangle GEF is (N) (C2)/2. The area of triangle 
BHD is (C2 · c1 ) (N · N(C1 /C2))/2. Since C2 · C l = 
the length of BH = the height of the triangle, (N · 
N(C 1Jc2)) = the base of the triangle. Since N = HD 
+ DE and DE = N(C1 JC2), then N · DE = HD. Thus, 
the final equation for BDEG = total benefits (Be) is 
or 
B = c 
B = c 
where F f is a factor used to convert to present worth 
benefits. The rest of the equation will give the average 
annual value of benefits for the project life such as: 
1 . average annual percent reduction in 
road-defect accidents due to resurfacing 
(accident benefit), 
2. average annual saving in comfort cost for the 
road user (cents per vehicle-mile), 
3. average annual percent reduction in fuel cost, 
or 
4. average annual maintenance savings per 
vehicle-mile (1 .6 vehicle-kilometers). 
This assumption was used to estimate the 
present-worth benefits (road-user savings) in comfort 
costs, fuel costs, maintenance savings, and road-defect 
accidents. In all cases, road-user costs drop immediately 
after resurfacing. As time passes, the costs increase 
lineraly until the maximum level is reached. A road can 
only become so rough or so slick; then, the road-user 
costs level off. 
In 1976, about $12 million became available under 
the Energy Road Program (901 Account). The purpose 
of the program was to assist rthe coal-producing counties 
in the construction, reconstruction, and maintenance of 
county and state roads. The monies were distributed 
according to the production of coal in the county. The 
administration of the Energy Road Program for 1977 
was transferred from the Division of Maintenance to the 
Division of Rural and Municipal Aid. In 1977, about 
$12.5 million were available under that program. 
Bituminous resurfacing of roads tllat year involved 230 
miles (370 km), of which 188 miles (303 km) were on 
state-maintained roads. 
Additional funds for resurfacing are occasionally 
provided because of unanticipated damage to highways. 
In 1977, $22 million were allocated (216 Account .:. 
State Highway Restoration Account) to restore roads 
damaged by a severe winter and extensive floods. 
Approximately 450 miles (724 km) of road were 
scheduled for resurfacing that year under that program. 
Resurfacing conducted under the High-Accident 
Spot-Improvement Program and the Energy Road 
Program, however, will not be considered in this report. 
RESURFACING PROGRAMS IN OTHER STATES 
Inquiries to highway agencies in 49 states yielded 
written responses from 4 1  states, and phone contact was 
made with the other eight. The letter is presented in 
APPENDIX B. Six questions related to the rating 
method and costs and benefits used in selecting 
resurfacing projects. There were 24 states which had a 
formal rating system. The rating involved assigning some 
point or rating value to pavement and roadway elements 
considered. Some of the elements used to rate road 
·sections included skid resistance, pavement roughness, 
traffic volumes, sufficiency ratings, pavement structural 
condition, economics of the surrounding area, and 
accident histories. New or formalized rating systems 
were proposed or under development in seven states. 
Visual inspections were made in virtually all states evel) 
where numerical ratings were not assigned. A summary 
of responses is provided in APPENDIX C. 
Rating forms were used in several states by field 
inspectors to evaluate sections for resurfacing and repair. 
Forms from nine states are provided in APPENDIX D. 
Ohio, North Dakota, Washington, and Kansas used quite 
detailed forms (12 to 2 1  items). Some variations in 
ratings, of course, will result between raters. Many small 
states had one rating team to rate all highway sections. 
Elsewhere, local inspectors were provided training to 
assure uniformity in the ratings. 
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Cost of resurfacing was a major concern to states. 
All states were subject to constraints on funds available 
for resurfacing. Annual maintenance costs were also 
mentioned as important considerations in 14 states. 
Alternative reconstruction costs were considered in 
Delaware, South Dakota, and California. Costs for 
drainage improvement, surface widening, and shoulder 
paving were included in Maryland. 
The states which utilize the computer in 
establishing resurfacing priorities were California, 
Florida, Illinois, Utah, and Tennessee. A new 
maintenance management system was under 
development in Arizona and will include computer 
processing to select resurfacing projects based on 
projected benefits and costs. Computers were used to 
process roadway data for the resurfacing programs in 
Louisiana, Michigan, and Washington. In Virginia, a 
computer printout which contains pavement age, skid 
number, and accident data of highway sections will soon 
be operational. 
PROCEDURES 
Resurfacing costs and annual maintenance costs 
must be known; and benefits expected from accident 
reduction, improved comfort, time savings, and fuel 
savings must be determined. Other inputs into the model 
include the probable life of the new surface; interest 
rate; and unit costs of accidents, time, comfort, and fuel. 
The effect of resurfacing on accident experience 
was found by analyzing the before-and-after accident 
data of approximately 2,300 miles (3, 700 km) of road 
evaluated in 1973 through 1976. Correlations were also 
made between accident experience and pavement 
condition. This analysis was essential for projection of 
accident savings attributable to resurfacing. 
An analysis was also made of the benefits to the 
road user from increased comfort. The cost of travelling 
over a newly resurfaced road was compared to the cost 
of travelling over a pavement in very poor condition. 
These costs were established from responses to 
questionnaires where motorists indicated willingness to 
pay for travel on a new, smooth pavement as compared 
to one in poor condition. The resulting costs per mile 
(km) were converted to annual dollar benefits for 
highway sections based on AADT and length. 
Equations were also developed to compute benefits 
for time and fuel savings after resurfacing. Such 
information as pavement roughness, AADT, and vehicle 
speed were included in the analysis. 
Figure I .  (Continued) 
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PROPOSED FORM TO 71-103 J(b)l � 
District 
KENTUCKY DEPARTMENT OF TRANSPORTATION 
CENTRAL OFFICE EVALUATION FOR SURFACING OR REPAIR 
I Route Number I Road Name 
Project Description: 
From: 
To: 
Length Width Sq. Yds. Type Code Project Number Last Treatment 
I. SERVICE: 
Date: 
AADT-------------- Posted Speed---------------
II. PAVEMENT CONDITION: 
DENSITY SEVERITY 
btter- Exten- Mode-
Nil Few mediate sive Slight rate Severe 
Cracking 0 2 4 6 2 3 
Base Failures 0 I 2 3 I 2 3 
Raveling (Spalling) 0 I 2 3 I 2 3 
Edge Failures 0 .7 1.4 2.1 .6 1.2 1.9 
Out of Section 0 .6 1.3 2 .3 .6 I 
Patching 0 1.3 2.6 4 
Appearance Good · 0 Fair . Poor · 2 Very Poor - 3 
Points 
Points 
,---
Subtotal ----
Average RuUing Depth -----------in. -
----------------------------------R--ou_gh __ �_M __ I_nd_e_
x __ -------------------------------i-
Ill. SAFETY: 
Inspected By: 
IV. NOTES: 
0 PCC 0 Bit. 0 PCC With 
0 Curb & Gutter Bit. Overlay 
0 Man Holes 
0 Shoulders High Low 
Width -------
Skid Number -------------
Date: 
Recommended Treatment 
D Resurface 
D Patching 
Tons per mi.----
0 Grinding 
Total Points 
Recommended Type 
0 Bit Cone. 
D Open Graded 
0 Sand Asphalt 
0 Slurry Seal 
-
Type -------- Depth ---------
0 Maintenance 
D Other ---------
0 Industrial Haul 
Type ---------- D Other ----------
v: COST: 
Remarks: • 
Estimated Cost -------------------------------
Recommended Treatment (District) ---------------------------------­
District Priority Rank -------------------------
c.o. Priority 
Figure l.  Pavement Evaluation Fonn (a) Used in Kentucky and (b) Recommended. 
TD 7 1 -103 
Rev . 9-76 
KENTUCKY DEPARTMENT OF TRANSPORTATION 
CENTRAL OFFICE EVALUATION FOR SURFACING OR REPAIR 
District I County I Route Number I Road Name 
Project Description: 
From: 
To: 
Length 1 1/idth Sq. Yds. ! Type Code Proj ect Number ! Last Treatment 
Date: 
Points 
r. SE!lVICE: 
ADT Traffic Speed 
I I .  CONDITION: Percent of Area 
0 1 0  20 30 40 50 60 70 80 90 100 Points 
Surface Raveling . 7  1 . 4 2 . 1  2 . 8  3 . 5  4 . 2  4 . 9  5 . 6  6 . 3  7 . o  
Cracked Surface . 7  1 . 4 2 1 2 . 8  3 . 5  4 . 2  4 . 9  5 . 6  6 3 7 . o  
Patching 7 1 4 2 1 2 8 3 4 2 
Edge Failures . 4  . 8  1 . 2  1 . 6  2 . 0  2 . 4  2 . 8  3 . 2  3 . 6  4 . 0  
Base Failures 7 1 . 4  2 1 2 8 3 . 5  4 2 4 . 9  5 6 6 . 3  7 0 
Out of Section 3 . 6  . 9  1 . 2  1 . 5  1 . 8  2 . 1  2 . 4  2 . 7  3 . 0  
[;:] 
Rutting Points 
1 /411-1/2" -3- Average Rutting Depth in. 
1 /2"-3/4" 6 Roughness Index t 
3/4"- 1 11 9 Subtotal 
1"-1 1/2" 1 2  
1 1l2;'-0ver 15 
III. SAFETY : 
Skid Number 
Accidents Per Mile Per Year 
Fatal Accidents Per Yea� Total 
Remarks: 
IV. COST: 
Maintenance Cost Per Mile Per Yea 
Recommended Treatment (District) 
Estimated Cost 
Remarks: 
Prepared By: Title: Date: 
Reviewed By: Title: Date:: 
District Priority Rank 
Final D isposition: Priority Rank 
Recommended Treatment 
Is a Pavement Structural Redesign Needed? --Y••--No 
Remarks: 
Referred to Division 
TABLE I .  EXAMPLE ILLUSTRATING DYNAMIC 
PROGRAMMING AND BENEFIT-COST METHOD 
PROJECT BENEFIT 
A 3,000 
B 1 8,000 
c 1 5,000 
D 3,000 
E 1 ,800 
F 8,000 
G 1 ,500 
H 300 
METHOD 
Benefit-Cost Method 
Dynamic Programming Method 
COST 
1 00  
900 
1 ,000 
300 
200 
1 ,000 
500 
300 
BUDGET 
$3,000 
$3,000 
In some instances, the same projects will be 
selected whether dynamic programming or some other 
method is used. Depending on the number of projects 
under consideration, the use of dynamic programming 
may result in selectio·n of projects which yield greater 
benefits. In the above example, the optimal selection 
of projects was fairly obvious without using a computer. 
However, many more projects usually are involved than 
shown in the example; and the "eyeball" selection of 
projects becomes impossible. Often, as the number of 
projects increases, the difference in overall benefits of 
projects selected by either the benfit-cost method or 
dynamic-programming method diminishes. 
Funk and Tillman demonstrated the use of 
dynamic programming in decision-making in the staging 
of urban freeway improvements (6). De Neufville and 
Mori derived an optimum construction schedule for 
additions over time to a highway or other transportation 
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BENEFIT/COST 
RATIO 
30 
20 
I S  
1 0  
9 
8 
3 
PROJECTS 
SELECTED 
A, 8, C, D, E, G 
A, B, C. F 
TOTAL BENEFITS 
$42,300 
$44,000 
network (7). Nemhauser and Ullman demonstrated the 
use of dynamic programming for multi-level projects, 
reinvesting returns, borrowing and lending, capital 
deferrals, and project interactions (8). 
Dynamic programming was applied to resource 
allocation in Norway by Gulbrandsen in 1967. A 
priority rating of 77 highway projects of various types 
was made over four separate time periods subject to 
budget levels of each period (9 ). A model for scheduling 
highway improvements such as highway resurfacing and 
widening in Australia was developed by Lack in 1968 
( 10 ). The practical application of dynamic programming 
was described in Alabama's "Correct" program in 1973 
( 11 ). The top 80 accident areas in Alabama were 
programmed for highway improvement so that optimal 
benefits could be derived from future accident 
reductions. 
